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ANTINEOPLASTIC AGENTS TARGETED VIA GLUT TRANSPORTERS 



STATEMENT REGARDING FEDERALLY-SPONSORED 
RESEARCH AND DEVELOPMENT 

The U.S. Government has a paid-up license in this invention and the 
right in limited circximstances to require the patent owner to license others on 
reasonable terms as provided for by the terms of Grant Nos. R21 CA95330 
(GZ), N01-CO37119 (GZ), NO1-CM97065 (BC), P20 CA86255 (JDG), R24 
CA83105 (JDG) and ROl CA85831 (TMB) awarded by NIH. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The invention is in the field of antineoplastic agents and cancer 

diagnostic agents. More particularly, the invention pertains to novel 
2-deoxyglucose conjugates, their use and methods of making such compounds. 

Related Art 

[0002] One of the biochemical "halhnarks" of malignancy is enhanced tumor 

glycolysis, which is primarily due to the overexpression of glucose transporters 
(GLUTs) and the increased activity of mitochondria-bound hexokinase in 
tumors (Medina, R. A. and Owen, G. L (2002) Glucose transporters: 
expression, regulation and cancer. BioL Res. 35, 9-26). Utilizing these cancer 
signatures, [^^F] 2-fluoro-2-deoxyglucose (^^FDG) based positron emission 
tomography (PET) has become a widely used molecular imaging modality in 
the detection of a wide range of human cancers (Czemin, J. and Phelps, M. E. 
(2002) Positron emission tomography scanning: current and future 
applications. Ann. Rev. Med. 53, 89-112). 

[0003] ^^FDG is an analog of glucose that enters cells via glucose transporters 

(GLUT) and is phosphorylated to ^^EDG-6-phosphate by hexokinase, the first 
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enzyme in the glycolytic pathway. This enzyme converts glucose, 2- 
deoxyglucose or '«FDG ftom a neutral, membrane-permeable form to an 
anionic, membrane-impermeable form. Reversal of this reaction requires 
glucose-6-phosphatase. which is generally not present at high enough 
concentration in most cells to mediate this reaction. Further metabolism of 

18 

FDG-6-phosphate by phosphoglucose isomerase, the next enzyme in the 
glycolytic pathway, or by enzymes in the glycogen or pentose shunt pathways 
does not occur (Pauwels. E. K.. Ribeiro, M. J., Stoot, J. H.. McCready. V. R.. 
Bourguignon, M., and Maziere, B. (1998) EDO accumulation and tumor 
biology. Nuclear Med. Biol. 25, 317-322). Therefore, '»FDG-6-phosphate is 
trapped in the cell. The high affinity of '«FDG for tumors derives from the 
high levels of aerobic glycolysis (Vaupel. P.. KaUinowski, F., and Okunieff, P. 
(1989) Blood flow, oxygen and nutiient supply, and metabolic 
microenvironment of human tumors: a review. Cancer Res. 49, 6449-6465) 
and overexpression of GLUTs exhibited by most, but not all (Weinhouse, S. 
(1976) The Warburg hypothesis fifty years later. Z fur Krebsforsch. Klin. 
Onkol. 87, 115-126), tumors. 
[0004] Speizer in 1985 (Speizer, L., Haugland, R.. and Kutchai, H. (1985) 

Asymmetiic to-ansport of a fluorescent glucose analogue by human 
erythrocytes. Biochim. Biophys. Acta 815, 75-84), exploited the glucose 
transport pathway to deUver a fluorescent analog of glucose, 6-deoxy-N-(7. 
nitrobenz-2-oxa-l,3-diazol-4-yl)-aminoglucose, into human erythrocytes. This 
analog is a derivative of 6-deoxyglucose containing a fluorophore on the 
6-position. A fluorescent derivative of 2-deoxyglucose. 2-[N-(7-nitrobenz-2- 
oxa-l,3-diazol-4-yl)amino]-2-deoxy-D-glucose (2-NBDG) (Ex: 475 nm; Em: 
550 nm), was intix)duced by Yoshioka et al. in 1996 (Yoshioka. K., Takahashi, 
H., Homma, T., Saito, M., Oh. K. B.. Nemoto, Y.. and Matsuoka, H. (1996) A 
novel fluorescent derivative of glucose applicable to the assessment of glucose 
uptake activity of Escherichia coK. Biochim. Biophys. Acta 1289, 5-9), who 
demonstrated tiiat localization of this agent in the yeast Candida albicans was 
inhibited by D-glucose. but not I^glucose. Similar D-glucose (but not L- 
glucose) inhibited uptake of 2.NBDG has been demonstrated in E. coli 
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(Yoshioka, K.. Takahashi. HL, Homma. T., Saito. M., Oh. K. B., Nemoto. Y., 
and Matsuoka. H. (1996) A novel fluorescent derivative of glucose applicable 
to the assessment of glucose uptake activity of Escherichia coli. Biochim. 
Biophys. Acta 1289, 5-9; Yoshioka. K., Saito. M.. Oh. K. B.. Nemoto. Y.. 
Matsuoka, H., Natsume, M., and Abe, H. (1996) Intracellular fate of 2-NBDg! 
a fluorescent probe for glucose uptake activity, in Escherichia coU cells.' 
Biosci. Biotech. Biochem. 60, 1899-1901; and Natarajan. A. and Srienc, F. 
(2000) Glucose uptake rates of single E. coli cells grown in glucose-limited 
chemostat cultures. /. Microbiol. Methods. 42, 87-96). yeast (Natarajan. A. 
and Srienc. F. (2000) Glucose uptake rates of single E. coli cells grovra in 
glucose-limited chemostat cultures. /. Microbiol Methods, 42, 87-96), 
vascular smooth muscle cells (Oh, K. B. and Matsuoka. H. (2002) Rapid 
viability assessment of yeast cells using vital staining with 2-NBDG. a 
fluorescent derivative of glucose. Intl. J. Food Microbiol. 76, 47-53). Ind 
pancreatic p-cells transfected to overexpress Glut2 glucose transporters 
(Lloyd. P. G., Hardin, C. D., and Sturek. M. (1999) Examining glucose 
transport in single vascular smooth muscle cells with a fluorescent glucose 
analog. Physiol. Res. 48, 401-410). 
[0005] Utilization of the glucose transport system was further supported by 

competitive inhibition of 2-NBDG uptake by the glucose analogs 3.0-methyl 
glucose and D-glucosamine (Yoshioka, K.. Saito, M.. Oh, K. B., Nemoto, Y., 
Matsuoka, H., Natsume. M.. and Abe, H. (1996) Intracellular fate of 2-NBiDG,' 
a fluorescent probe for glucose uptake activity, in Escherichia coU ceUs.' 
BioscL Biotech. Biochem. 60, 1899-1901). Internalization of 2-NBDG in 
isolated rabbit enterocytes was demonstrated by confocal microscopy (Roman. 
Y., Alfonso, A., Louzao. M. C, Vieytes, M. R., and Botana, L. M. (2001) 
Confocal microscopy study of the different patterns of 2-NBDG uptake in 
rabbit enterocytes in the apical and basal zone. Pflugers Arch. - Eur. J. 
Physiol. 443, 234-239). Conversion of 2-NBDG to 2-NBDG-6-phosphate in E. 
coli cells was confirmed by mass spectrometry and by demonstration that 
glucose-6-phosphatase regenerated 2-NBDG (Yoshioka, K., Saito, M., Oh, K. 
B., Nemoto, Y, Matsuoka. H., Natsume, M, and Abe, H. (1996) Intracellular 
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fate of 2-NBDG. a fluorescent probe for glucose uptake activity, in Escherichia 
coli cells. BioscL Biotech. Biochem. 60, 1899-1901). Localization of 2-NBDG 
in rat 9L gUoma has recenfly been reported by Baidoo et cd. (Baidoo, K. E 
Mathews. W.. and Wagner. H. N. (2000) Huorescent imaging of 
deoxyglucose. 8th Intl. Conf: Peace through Mindmrain Science Hamamatsu. 
Japan, February 2-4). These authors found that animals injected with 2-NBDG 
under fasting conditions Oow serum glucose level) accumulated this probe in 
tumors, and uptake of 2-NBDG could be blocked under non-fasting conditions 
(high serum glucose level). 

[0006] Additionally. U.S. Patent No. 6.489.302 relates to a conjugate, 

comprising a saccharide and one or more therapeutic or diagnostic agents for 
treatinent and diagnosis of cancer and viral disease which uses the GLUT 
pathway. 

[0007] Near-infrared (NIR) dyes are presently attracting considerable interest 

as fluorescence probes for detection of cancer r(a) Lin, Y., Weissleder, R.. and 
T^g, C. a (2002) Novel near-infrared cyanine fluorochromes: syntiiesis, 
properties, and bioconjugation. Bioconjugate Chem. 13. 605-610. (b) Achilefu, 
S.. Jimenez, H. N.. Dorshow, R. B., Bugaj, J. B.. Webb, E. G., Wilhehn. R. R ' 
Rajagopalan, R.. Johler, J.. Erion, J. L. (2002) Synthesis, in vitro r^eplor 
binding, and in vivo evaluation of fluorescein and carbocyanine peptide-based 
optical contirast agents. /. Med. Chem. 45. 2003-2015. (c) Mujumdar. S. R., 
Mujumdar, R. B., Grant. C. M.. and Waggoner. A. S. (1996) Cyanine-labeUng 
reagents: sulfobenzindocyanine succinimidyl esters. Bioconjugate Chem. 7, 
356-362; and as photosensitizeis for cancer treatinent by photodynamic 
therapy (PDT) (Dougherty. T. J., Gomer. C. J., Henderson. B. W.. Jori. O. 
Kessel. D.. Korbelik. M.. Moan. J., and Peng. Q. (1998) Photodynamic 
therapy. /. Natl Cancer Inst. 90, 889-905). Since tissue is relatively 
transparent to NIR light, NIR fluorescence imaging (NIRF) and PDT are 
capable of detecting and treating, respectively, even subsurface tumors. Owing 
to the need to increase photosensitizers' water solubility and to increase tiieir 
affinity for tumor tissues, a great deal of effort has been devoted by miany 
research groups to develop photosensitizers covalentiy linked with various 
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carbohydrate moieties ((a) Sternberg, E. D.. Dolphin, D. and Bruckner, C. 
(1998) Porphyrin-based photosensitizers for use in photodynamic therapy. 
Tetrahedron 54, 4151-4202. (b) Licha, K. (2002) Contrast agents for optical 
imaging. Top. Cur. Chem. 222, 1-29;. However, none of them was intended to 
take advantage of the intracellular trapping mechanism for 2DG in tumor ceUs 
as it does for FDG. 

[0008] A key limitation of cancer drugs is their lack of specificity for tumor 

cells. There is therefore a need to develop tumor-specific agents that are 
targeted at GLUT transportors, which constitute the main pathway that tumor 
ceUs utilize for import of substrates for energy production. Since glucose is 
the principal substrate for energy production utilized by most if not all tumors 
the agents which target this critical pathway should exhibit a substantiaUy 
enhanced level of tumor specificity. 

[0009] Stable bacteriochlorophyll (BChl) analogs derived firom R. Sphaeroid^ 

are exceUent NIR dyes for NIRF and PDT because of their favorable 
photophysical properties ('Oz yield: 45%) and long activation and fluorescence 
emission wavelengths (750-850 ran). (Pandey, R. K.; Zheng, G., Porphyrins 
as Photosensitizers in Photodynamic Therapy. In The Porphyrin Handbook, 
ed.; Kadish, K. M.; Smith, K. M.; Guilard, R., Eds. Academic Press: Boston, 
2000; Vol. 6, pp 157-230.) Since native BChl is very unstable and undergoes 
rapid oxidation to the chlorin state (660 nm), preparation of a stable BChl 
analog is a synthetic chaUenge. In recent years, many approaches to remove 
the major points of fragility in the BChl a molecule have been tried by various 
investigators. These include replacing the central metal, magnesium, with 
other metal ions (e.g., palladium) to form stable complexes, (Fiedor, J.; Fiedor, 
L.; Kammhuber, N.; Scherz, A.; Scheer, H., Photodynamics of the 
bacteriochlorophyll-carotenoid system. 2. Influence of central metal, solvent 
and beta-carotene on photobleaching of bacteriochlorophyll derivatives. 
Photochemistry &. Photobiology. 2002 Aug;76(2): 145-52; Schreiber, S.; 
Gross, S.; Brandis, A.; Harmelin, A.; Rosenbach-BeUdn, V.; Scherz, A.; 
Salomon, Y., Local photodynamic therapy (PDT) of rat C6 gUoma xenografts 
with Pd-bacteriopheophorbide leads to decreased metastases and increase of 
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animal cure compared with surgery. International Journal of Cancer. 2002 May 
lO;99(2):279-85.) modifying the isocyclic ring, and replacing the phytyl group 
at the propionyl residue either through transesterification or by conversion to 
the corresponding amide derivatives. (Rosenbach-Belkin. V.; Chen, L.; Fiedor, 
L.; Tregub, I.; Paviotsky, P.; Brumfeld, V.; Salomon, Y.; Scherz, A., Serine 
conjugates of chlorophyll and bacteriochlorophyll: photocytotoxicity in vitro 
and tissue distribution in mice bearing melanoma tumors. Photochemistry & 
Photobiology. 1996 Jul;64(l):174-81.) In particular, Pandey. et al. have 
shown that naturaUy occurring unstable BChl a (extracted ftom Rb. 
Sphaeroides) can be converted to the stable bacteriochlorins, bacteriopuipurin- 
18 and bacteriopurpurinimide. (Kozyrev, A. N.; Zheng, G.; Zhu, C. R; 
Dougherty. T. J.; Smith, K. M.; Pandey, R. K.. Syntheses of stable 
bacteriochlorophyU-a derivatives as potential photosensitizers for 
photodynamic therapy. Tetrahedron Letters 1996, 37, (36), 6431-6434; Chen. 
Y.; Graham, A.; Potter, W.; Morgan. J.; Vaughan. L.; Bellnier, D. A.; 
Henderson, B. W.; Oseroff, A.; Dougherty. T. J.; Pandey, R. K., 
Bacteriopurpurinimides: highly stable and potent photosensitizers for 
photodynamic therapy. Journal of Medicinal Chemistry. 2002 Jan 17;45 
(2):255-8.) In this approach, converting the fused isocyclic ring to a cyclic 
imide moiety enhanced the stability and solubility of the BChl analogs. 
Attachment of a variable alkyl substituent to the imide moiety allowed the 
lipophilicity of die molecule to be fine-tuned. Some of these agents are highly 
potent against radiation-induced fibrosarcoma (RIF-1) in mice. Ih another 
elegant demonstration. Fiedor et al. found that inserting palladium into the 
BChl ring significantly improves its stabiUty toward reactive oxygen species. 
(Fiedor. J.; Fiedor, L.; Kammhuber, N.; Scherz, A.; Scheer, EL. Photodynamics 
of the bacteriochlorophyU-carotenoid system. 2. Influence of central metal, 
solvent and beta-carotene on photobleaching of bacteriochlorophyU 
derivatives. Photochemistry & Photobiology. 2002 Aug;76(2): 145-52.) One 
such compound. Tookad®. is now under clinical evaluation for treating 
prostate cancer. To achieve higher levels of tumor selectivity, target-specific 
BChls derived from stable BChl suitable by bioconjugation are desired. For 
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this purpose, a universal Unker introduced into a stable BChl molecule that 
will facilitate binding of biomolecules such as peptides, proteins, and other 
affinity ligands is desirable. Accordingly, the present invention provides 
synthesis of novel fiinctionalized BChl dyes containing an isothiocyanate 
moiety, their bioconjugatioh to cancer targeting agents, and the in vivo optical 
imaging of animal tumors with these new bioconjugates. 

SUMMARY OF THE INVENTION 

[0010] The present invention relates to novel chemical compounds, referred to 

herein as 2-deoxygIucose conjugates or pharmaceuticaUy acceptable salts 
thereof, in which a 2-deoxyglucose conjugate is represented by the formula: 




wherein L is a Unker group; and D is a diagnostic or therapeutic agent, 

provided that said conjugate is not ["Fjdeoxyglucose or 2-DS[-(7-nitrobenz-2- 

oxa-l,3-dia2ol-4-yl)amino]-2-deoxy-D-glucose. 
[0011] In addition, the present invention provides methods of making the 

novel chemical compounds of the present invention. 
[0012] The present invention also relates to pharmaceutical and veterinary 

compositions comprising one or more of the 2-deoxyglucose conjugates of the 

present invention, and one or more phannaceutically acceptable diluents, 

carriers or excipients. 

[0013] The invention further relates to a method of treating tumor disease in 

an animal, comprising administering one or more of the 2-deoxyglucose 
conjugates of the present invention to an animal in need thereof to treat the 
tumor disease of the animal. 
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BRIEF DESCRIPTION OF THE HGURES 

[0014] Figure 1 . Fluorescence images of drug control (top row: tumor + Pyro- 

2DG). normal tissue control (middle row: normal tissue of the same animal) 
and tumor control (bottom row, tumor alone) in 9L glioma bearing animals. 
Note; The tumor and normal muscle margin are outlined with a black circle in 
the redox ratio images (the first column), the redox ratio histograms 
corresponding to the marked region (black circle) are'also presented here (the 
second column). 

[0015] Figure 2. Selective tumor destiiiction by PDT corresponds to a marked 

change in the intrinsic fluorescence of tumors (decreased NADH, increased 
FP) and the selective photobleaching of Pyro-2DG. (Top row: PDT of tumor 
with PyK)-2DG; bottom row: light control, PDT of tumor without Pyio-2DG). 
Note: The irradiated region is marked as a white cross, and the tumor margin is 
outlined with a black circle in both experiments. 

[OOKq Figure 3. Confocal microscopy images of 9L gUoma cells incubated 

with 50 uM Pyro-2DG for 30 min at 37°C in the absence (upper) and presence 
Oower) of 50 mM D-glucose. Left hand: fluorescence images; middle: bright 
field images; right hand: overlapping images. 

[0017] Figure 4. 2-Deoxyglucose conjugates targeting GLUT. 

[0018] Figure 5. Confocal images of 9L ghoma ceUs (ex: 630 nm; em: 640- 

750 nm) incubated with 50 mM Pyro-2DG for 30 min at 37°C in tiie absence 
(upper) and presence Oower) of 50 mM D-glucose. Left column shows the 
Pyro-2DG fluorescent images, middle column shows the bright field images 
and the right column shows the overlay images. 

[0019] Figure 6. Comparative intracellular localization of lOO^M Pyro-2DG 

and 10p,g/ml Rhodamine-123 (mitochondrial probe) in 9L glioma cells at 15 
min post-incubation. The overiay picture clearly indicates that both Pyro-2DG 
and Rhodamine-123 localize in mitochondria. 

[0020] Figure 7. Confocal images of B16 melanoma cells incubated without 

NIR664-2DG (first column), with 20 NIR664-2DG (second column), 50 
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MM NIR664-2DG (third column), and 50 vM N1R664-2DG in competition 
with 25 jJiM D-glucose (last column), for 20 min at 3TC. Top row shows the 
fluorescent images and the bottom row shows the corresponding bright field 
images. 

[0021] Figure 8. Tumor versus nomial muscle ratio of Pyro-2DG in 9L glioma 

bearing rats was determined as lO: I calculated from the fluorescence intensity 
and concentration correlation [x = (y-32.3 75)710.7292] determined by 
phantom. 

[0022] Figure 9. Pyro-2DG uptake in different organs of a Fisher 344 rat after 

1 h tail vein infusion of 2 ml of 2.5 mg / kg Pyro-2DG. liver (top left), kidney 
(bottom left), spleen (bottom middle) and brain (bottom right), linages of the 
frozen liver and of the control liver (no Pyro-2DG), respectively, appear in the 
top middle and right hand panels. 

[0023] Figure 10. Real time Palomar images 10 min (top left), 1 hr (top right), 

4 hr (bottom left) and 1 day (bottom middle) post-injection with 
NRF805-2DG. Top middle and bottom right are fluorescent images of all 
different organs. "T" stands for tumor, "L" stands for liver, "G" stands for gut, 
stands for kidney, "M" stands for muscle and "S" stands for skin. 

[0024] Figure 11. Chemical shifts of CH2NHBOC, CH2NH2 and CH2NCS in 

*H NMR spectra of functionalized bacteriochlorophylls. 

[0025] Figure 12A. The HPLC chromatogram of BChlPP-2DG. RP-HPLC 

Column: ZARBOX-300SB„C8_4.6x250 mm; Solvent A: 0.1% TFA, B: 
CH3CN; Gradient: From 10% B to 100%B for 45 min; How: 1 mL/min. At 
this condition, the retention time of BchlPP-2DG is 38.1 min. Purity of the 
compound: >90%. 

[0026] Figure 12B. Absorption (top) and emission (bottom) spectra of 

BChlPP-2Da 

[0027] Figure 13A. The HPLC chromatogram of BChlE6-2DG (retention 

time: 31.4 min, purity: 99%). HPLC method same as described in Figure 
12A. 
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[0028] Figure 13B. The absorption spectrum of the 31.4 min peak (BChlE6- 

2DG) obtained by HPLC. The maximum emission is 758 mn (spectrum not 
shown). 

[0029] Figure 14. Experimental set-up for m vivo animal tumor model 

imaging using the NIR phase array system. 

[0030] Figure 15. Two-dimensional in vivo imaging of fluorescent contrast 

agents by the phased array system, (a) The localization of the 8 mm x 8 mm 
submerged mouse tumor with tail vein injecti6n of 200 jaL 1 mg/mL BChlPP- 
2DG. (b) The localization of the 8 mm x 4 mm submerged mouse tumor with 
tail vein injection of 200 1 mg/mL ICG. (c) The localization of the 8 mm 
X 6 mm submerged mouse tumor wifliout injection of any contrast agent. In all 
cases, tiie tumors are 1.5 cm deep inside the media and the red dashed circle 
indicates the location and size of the tumor. 

DETAILED DESCRIPTION OF THE INVENTION 

[0031] The invention relates to novel chemical compounds, referred to herein 

as 2-deoxyglucose conjugates, or pharmaceutically acceptable salts tiiereof, in 
which a 2-deoxyglucose conjugate is represented by the formula: 




wherein L is a linker group; and D is a diagnostic or therapeutic agent, 
provided tiiat said conjugate is not ['«Fldeoxyglucose or 2-[N-(7-nitrobenz-2- 
oxa-l,3-diazol-4-yl)amino]-2-deoxy-D-glucose. 
[0032] In a preferred embodiment, the Unker group, L. is a covalent bond, 

-NH-, -peptide-, -nucleic acid-. -O-iCR^rO-, -NH-CH2-CH2-NH- 
-NH-CH(COOH>-CH:r-NH-. -NH-CT2-CH(COOH)-NH-. -NH-CH^^ 
CH2-CH2-NH. -CHCH2)^NH-. -S-(CH2V-NH-. -S-(CH2)r-C(OK 
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-NH-CH2-C(OK -0-CH2^2-0-CH2-CH^. -NH-NH-C(0)-CH^ 
-NH-C(CH2VC(0). or -NH-NH-C(OHCH.)^(0)NH-N=, wherein r. in 
each instance, is fiom 2-5. Preferably, the linker group, L. is susceptible to 
cleavage by cytosoKc enzymes, fteferably. the linker group. L. is a peptide 
consisting of from about 1 to about 20 axnino acids, more preferably about 1 to 
about 10 amino acids, and even more preferably about 1 to about 6 amino 
acids. 

[0033] In further embodiments, the diagnostic or therapeutic agent. D is a 

photosensitive agent, an oncotherapeutic agent, a tumor diagnostic Igent. an 
anti-AIDS agent, an antioxidant, a antirheumatic, an antiaUergic an 
antianemic agent, an antibiotic, an antidiabetic, an antiemetic, an 
antihistamine, an antiepileptic. a P-ieceptor blocker, a calcium antagonist, an 
ACE inhibitor, a bionchodilating agent, an antiasthmatic, a choUnergic a 
corticoid. a dermatic, a diuretic, an enzyme inhibitor, a gout remedy, 'an 
influenza remedy, a sedative, an immunotherapeutic agent, a hepato- 
therapeutic agent, an antiUpemic. a migraine remedy, a muscle relaxant, an 
anesthetic, a neuropathy preparation, an antihyperkinetic agent, a psychoactive 
agent, a thyreotherapeutic agent, a sex hormone, a sex hormone inhibitor an 
antispasmodic agent, a vitamin, a wound treating agent, an analgesic, an 
antimetabolite, a topoisomerase inhibitor, a radiosensitizer, an inhibitor of 
DNA repair or an a-sympathicomimetic. 
[0034] Preferably, the photosensitive agent of the present invention is a near 

infrared dye selected from the group consisting of pyropheophorbide. 
cyclophosphamide, cyclophosphamide derivatives, bacteriochlorin (BChl) and 
bacteriochlorin derivatives. Cy5.5, Cy7. the hexyl ether analog of 
pyropheophorbide. the hexyl ether anolog of pyropheophorbide carotenoid 
conjugate, benzothiazole (5F203). 4-hydioperoxy-cyclophosphamide (4HC) 
dicarbocyanine. and tricarbocyanines. such as NIR805. Indocyanine Green 
aCG)andCypate. 

[0035] The invention also provides conjugates of 2-deoxyglucose. wherein the 

diagnostic or therapeutic agent is a photosensitive agent which is a 
photodynamic therapy agent, and preferably the photodynamic therapy agent is 



wo 2004/110255 



PCT/US2004/018143 



-12- 



selected from the group consisting of a porphyrin, a chlorin, a bacteriochlorin, 
and derivatives thereof. 

[0036] The diagnostic or therapeutic agent of the present invention may also 

be an oncotherapeutic agent. The oncotherapeutic agent is preferably 
cyclophosphamide, 4-hydroperoxycyclophosphamide, taxol, adriamycin, or 
temozolomide. In a preferred embodiment, the oncotherapeutic agent is 4- 
hydroperoxycyclophosphamide. 

[0037] Examples of 2-deoxyglucose conjugates encompassed by the present 

invention are shown in Figure 4. The present invention is not limited to the 
compounds shown in Figure 4, but rather these compounds are illustrative 
examples of conjugates encon]|)assed herein. 

[0038] The invention also provides a method of diagnosing tumor disease in 

an animal comprising administering one or more of the 2-deoxyglucose 
conjugates of the present invention to an animal in need tiiereof and detecting 
the presence of said conjugate in the animal. 

[0039] The invention also provides a method of tireating tumor disease in an 

animal, comprising administering one or more of the 2-deoxyglucose 
conjugates of the present invention to an animal in need thereof to treat the 
tumor disease of the animal. In one embodiment, the tumor is a gUoma. 

[0040] The invention also provides a method of heating disease in an animal 

using photodynamic therapy comprising administering one or more of the 
2-deoxyglucose conjugates of the present invention to an animal in need 
thereof, followed by exposing the animal to ultiraviolet, visible or inftared 
radiation to treat the disease of the animal. Preferably, the animal is exposed 
to near infrared radiation. 

[0041] The specific dose and duration of Ught again will depend upon the 

photosensitizer chosen. The fluence rate applied is preferably about 25 to 
about 100 mW/cm^, and most preferably about 50 to about 75 mW/cm^, while 
the duration of Ught appUcation is about 5 to about 60 minutes, and most 
preferably about 20 to about 30 minutes. Suitable sources of light include 
commercially available lasers, lamps, Ught emitting diodes and the Uke. 
Preferably, LED arrays (Efos Canada, Inc., Mississauga, Ontario, Canada) are 
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employed. To achieve the desired wavelength of light, the lamp may be 
equipped with coimneicially available filters. 
[0042] Various photosensitizeis for use in the present invention are useful 

over the range of 350 to 1300 nm. the exact range being dependent upon the 
particular photosensitizer. Preferred photosensitizers are those useful in the 
range of 650-1000 nm (i.e., in the near infrared ("NIR")). For example, 
pyropheophorbide and bacteriochlorin are useful in the 650-900 nm range. 
[0043] It also is within the confines of the present invention that one or more 

quenchers can be administered before, during or after the administration of the 
conjugates of the present invention, but before appHcation of Ught Suitable 
quenchers include but are not limited to glutathione, trolox. flavonoids. 
vitamin C, vitamin E, cysteine and ergothioneine and other non-toxic 
quenchers, and preferably vitamin B. The amount of the quencher 
administered wiU depend upon the specific quencher(s) chosen and can be 
determined by one skilled in the art. However, when the quencher is vitamin 
E, the preferred dose ranges firom about 10 mg/kg body weight to about 1 g^g 
body weight, and most preferably about 100 mg/Tcg body weight. 
Administering one or more of the aforementioned quenchers is optional, and is 
complimentary to administering the conjugates of the present invention. 
Preferred complementary quenchers, such as ^tamin E, quench free radical 
formation generated from a Type I photoreaction via electron transfer, and may 
be used as a complementary protection mechanism to quenching singlet 
oxygen that is generated from a Type H photoreaction via energy transfer. 
Nevertheless, singlet oxygen is the major cytotoxic agent responsible for Pl^r. 
[0044] In one embodiment of the present invention, the artificial irradiation is 

applied from about 5 minutes to about 3 hours after administering one or more 
types of conjugates of the present invention. Preferably, the artificial 
irradiation is appUed about 10 to about 60 minutes after administering one or 
more kinds of conjugates of the present invention. 
[0045] The Ught should be applied at a sufiBcient wavelength, dose and 

duration to maximize the tumor damage, and, at the same time, to minimize 
the damage to the red blood cells and/or other suirounding tissue. 
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[004Q In embodiments, the invention is directed to a method of inhibiting the 

growth of cancer cells, in vitro or in vivo, comprising contacting cancer cells 
with a conjugate of the present invention and, in the case of a conjugate 
containing a photodynamic therapy agent, exposing the cancer cells to an 
effective amount of artificial irradiation. In one aspect, the invention provides 
methods of inhibiting the growth of cancer cells, such as breast, lung, 
pancreas, bladder, ovarian, testicular, prostate, liver, retinoblastoma. Wilm's 
tumor, adrenocarcinoma or melanoma, and preferably, the cancer tumor is a 
prostate cancer tumor. 

[0047] In embodiments, in the methods of the present invention, the artificial 

irradiation is selected firom the group consisting of artificial ultraviolet, 
infrared (IR). gamma-irradiation, x-ray and visible light. Preferably, the 
artificial irradiation is IR. and even more preferably, the artificial irradiation is 
near-infi-ared (NIR). 

[0048] In the methods of the present invention, in embodiments the artificial 

irradiation is applied about 30 minutes to about 48 horns after administering 
the conjugate of the present invention (e.g., by injection), and even more 
preferably, about 3 to about 24 hours after administering the conjugate of the 
present invention. Preferably, the light dose is 10 mWW - 100 mW/cm^ 
[0049] In a separate embodiment, in the methods of the present invention, it is 

preferred that the artificial irradiation be appUed for about 5 seconds to about 
60 minutes, even more prefened is that the artificial irradiation be applied for 
about 1 minute to about 45 minutes, and most preferably, in the methods of the 
present invention, the irradiation is appHed for about 10 to about 30 minutes. 
[0050] The present invention also provides a method for curing a subject 

suffering from a cancer. In the cancer treating methods of the present 
invention, the subject may be a primate, (human, ape. chimpanzee, gorilla or 
monkey) dog. cat. mouse, rat. rabbit, horse, goat, sheep, cow. chicken. The 
cancer may be identified as a breast, lung, pancreas, bladder, ovarian, 
testicular, prostate. Hver. retinoblastoma. Wihn's tumor, adrenocarcinoma or 
melonoma. This method comprises administering to tiie subject a cancer 
killing amount of one or more conjugates of tiie present invention. 
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[0051] Also provided is a method of inhibiting the proUferation of mammalian 

tumor cells which comprises contacting the mammalian tumor cells with a 
sufficient concentration of the conjugate of the invention, followed by 
exposure to artificial irradiation, so as to inhibit proUferation of the 
mammalian tumor cells, 

[0052] The subject invention further provides methods for inhibiting the 

growth of human tumor cells, treating a tumor in a subject, and treating a 
proliferative-type disease in a subject. These methods comprise administering 
to the subject an effective amount of tiie conjugate of the invention. 

[0053] It is apparent tiierefore that the present invention encompasses 

pharmaceutical compositions, combinations and methods for bleating human 
carcinomas. For example, tiie invention includes pharmaceutical compositions 
for use in tiie teeattnent of human carcinomas comprising a phaimaceutically 
effective amount of tiie conjugate of tiie present invention and a 
pharmaceutically acceptable carrier. 

[0054] The compositions may additionally include otiier drugs of antibodies 

treating carcinomas. 

[0055] The compositions of the invention may be in a variety of dosage forms 

which include, but are not Umited to. liquid solutions or suspension, tablets, 
pills, powders, suppositories, polymeric microcapsules or microvesicles, 
liposomes, and injectable or infusible solutions. The preferred form depends 
upon tiie mode of administration and tfie tiierapeutic application. 

[005(0 The compositions of tiie invention also preferably include conventional 

pharmaceutically acceptable carriers and adjuvants known in tiie art such as 
human serum albumin, ion exchangers, alumina, lecitiiin, buffer substances 
such as phosphates, glycine, sorbic acid, potassium sorbate, and salts or 
electrolytes such as protamine sulfate. 
[0057] The most effective mode of adminisbration and dosage regimen for tiie 

compositions of tiiis invention depends upon tfie severity and course of tiie 
disease, tiie patient's healtii and response to treatinent and tiie judgment of tiie 
treating physician. Accordingly, tiie dosages of tiie compositions should be 
titrated to tiie individual patient. Nevertheless, an effective dose of tiie 
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compositions of this invention may be in the range of from about 1 to about 
2000 mg/kg. Preferably, the dosage is from about 2 to about 1000 mg/kg, 
more preferably, 4 to about 400 mg/kg, and even more preferably, 5 to about 
100 mg/kg. 

[0058] The interrelationship of dosages for animals of various sizes and 

species and humans based on mg/kg of surface area is described by Freireich, 
E. J. et al.. Cancer Chemother. 50 (4): 219-244 (1966). Adjustments in the 
dosage regimen may be made to optimize the tumor cell growth inhibiting and 
killing response, e.g., doses may be divided and administered on a daily basis 
or the dose reduced proportionally depending upon the situation (e.g., several 
divided doses may be administered daily or proportionally reduced depending 
on the specific therapeutic situation). 

[0059] It would be clear that the dose of tiie composition of the invention 

required to achieve cures may be further reduced with schedule optimization. 

[0060] In accordance with the practice of the invention, the pharmaceutical 

carrier may be a lipid carrier. The Upid carrier may be a phospholipid. Further, 
the lipid carrier may be a fatty acid. Also, the lipid carrier may be a detergent. 
As used herein, a detergent is any substance that alters the surface tension of a 
liquid, generally lowering it. 

[0061] In one example of the invention, the detergent may be a nonionic 

detergent. Examples of nonionic detergents include, but are not limited to, 
polysorbate 80 (also known as Tween 80 or (polyoxyefliylenesorbitan 
monooleate), Brij, and Triton (for example Triton WR-1339 and Triton A-20). 

[0062] Alternatively, the detergent may be an ionic detergent. An example of 

an ionic detergent includes, but is not limited to, alkyltiimetiiylammonium 
bromide. 

[0063] Additionally, in accordance with the invention, the lipid carrier may be 

a liposome. As used in this application, a "liposome" is any membrane bound 
vesicle which contains any molecules of the invention or combinations thereof. 

[0064] The amount of conjugate administered in the formulation will depend 

upon the photosensitizer chosen. Preferably, the amount of conjugate 
administered is about 0.1 to about 10.0 mg/kg body weight of the subject. 
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more preferably about 0.3 to about 6 mg/kg body weight, and even more 
preferably, 0.4-4.0 mg/kg body weight. 

[0065] In embodiments, in the methods of treating cancer of the present 

invention, the artificial irradiation is applied for about 10 seconds to about 60 
minutes, and even more preferably, the artificial irradiation is applied for about 
15 seconds to about 30 minutes. 

[0066] In a separate embodiment, the present invention further provides 

pharmaceutical compositions which comprise the conjugates of the present 
invention and a phaimaceutically acceptable carrier. 

[0067] The present invention further provides a method of treating cancer in a 

subject cancer comprising administering a therapeutically effective amount of 
the pharmaceutical composition of the present invention. 

[0068] The antineoplastic agents of the present invention can be fomiulated 

according to known methods to prepare pharmaceutically useful compositions, 
whereby these materials, or their functional derivatives, are combined in 
admixture with a pharmaceutically acceptable carrier vehicle. Suitable 
vehicles and their formulation, inclusive of other human proteins, e.g., human 
serum albumin, are described, for example, in Remington's Pharmaceutical 
Sciences (16th ed., Osol, A., Ed., Mack, Easton PA, 1980). In order to form a 
pharmaceutically acceptable composition suitable for effective administration, 
such compositions will contain an effective amount of the compound, together 
with a suitable amount of carrier vehicle. 

[0069] A composition is said to be "pharmacologically acceptable" if its 

administration can be tolerated by a recipient patient. Such an agent is said to 
be administered in a "therapeutically effective amount" if tiie amount 
administered is physiologically significant. An agent is physiologically 
significant if its presence results in a detectable change in the physiology of a 
recipient patient. 

[0070] "Administering" refers providing at least one pharmaceutical agent to a 

subject. Thus, "administering" includes oral administration, administration as a 
suppository, topical contact, intravenously, intraperitoneally, mtramuscularly, 
subcutaneously, intranasally, enterally, parenterally, implantation of a slow 
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release device such as a miniosmotic pump, and inhalation. When 
administering by injection, the administration may be by continuous infusion, 
or by single or multiple boluses. 

[0071] In providing a mammal, and particularly a human, with therapeutic 

agents, the dosage will vary depending upon such factors as the recipient's age, 
weight, height, sex, general medical condition, previous medical history, etc. 
In general, it is desirable to provide the recipient with a dosage in the range of 
from about 1 pg/kg to about 10 mg/kg (body weight of recipient), although a 
lower or higher dosage can be administered. The dosage frequency can be 
repeated at intervals ranging from each day to every other month. 

[0072] The compounds of the present invention are intended to be provided to 

recipient subjects in an amount sufficient to induce a therapeutic effect. An 
amount is said to be sufficient to induce a therapeutic effect if the dosage, 
route of administration, etc. of the agent are sufficient to reduce, attenuate, or 
stop tumor progression. 

[0073] The compounds of the invention may be administered either alone or in 

combination with additional therapeutic agents. The administration of such 
agent(s) may be for either a "prophylactic" or "therapeutic" purpose. When 
provided prophylactically, the agents are provided in advance of any tumor 
detection. The prophylactic administration of the compound(s) serves to 
prevent or attenuate any tumor formation. When provided therapeutically, the 
agent(s) is provided at (or shortly after) the detection of actual tumor 
formation. 

[0074] The compositions of the present invention can be formulated according 

to known methods to prepare pharmaceutically useful compositions, whereby 
these materials, or their functional derivatives, are combined in adnoixtuie with 
a pharmaceutically acceptable carrier vehicle. Suitable vehicles and their 
formulation, are described, for example, in Remington's Pharmaceutical 
Sciences, 18th edition, A. R. Gennaro, Ed, Mack Pub., Easton, PA, 1990. 

[0075] "Pharmaceutically acceptable carrier" includes any material which 

when combined with a therapeutic agent, retains the therapeutic agent's 
activity and is nonreactive with the mammal's immune system. Examples 
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include, but are not limited to, any of the standard pharmaceutical carriers such 
as a phosphate buffered saline solution, water, emulsions such as oil/water 
emulsion, and various types of wetting agents. Other carriers may also include 
sterile solutions, tablets, including coated tablets, and capsules. Typically, 
such carriers contain excipients, such as starch, milk, sugar certain types of 
clay, gelatin, stearic acid or salts thereof, magnesium or calciimi stearate, talc, 
vegetable fats or oils, gums, glycols, or other known excipients. Such carriers 
may also include flavor and color additives or other ingredients. Compositions 
comprising such carriers are formulated by well knovm conventional methods. 
[0076] Additional pharmaceutical methods may be employed to control the 

duration of action. Control release preparations may be achieved through the 
use of polymers to complex or absorb therapeutic agents. The controlled 
delivery may be exercised by selecting appropriate macromolecules (for 
example polyesters, polyamino acids, polyvinyl, pyrrolidone, 
ethylenevinylacetate, metiiylcellulose, carboxymethylcellulose, or protamine, 
sulfate) and the concentration of macromolecules as well as the methods of 
incorporation in order to control release. Another possible method to control 
the duration of action by controlled release preparations is to incorporate the 
therapeutic agent(s) into particles of a polymeric material such as polyesters, 
polyamino acids, hydrogels, poly( lactic acid) or ethylene vinylacetate 
copolymers. Altematively, instead of incorporating these agents into 
polymeric particles, the therapeutic agent(s) can be entrapped in microcapsules 
prepared, for example, by coacervation techniques or by interfacial 
polymerization, for example, hydroxymethylcellulose or gelatine- 
microcapsules and poly(methylmethacylate) microcapsules, respectively, or in 
colloidal drug delivery systems, for example, liposomes, albumin micro 
spheres, microemulsions, nanoparticles, and nanocapsules or in 
macroemulsions. Such techniques are disclosed in Remington's 
Pharmaceutical Sciences, 18th edition, A. R. Gennaro, Ed., Mack PubL, 
Easton, P A (1990). 

[0077] The present invention also provides methods of making the compounds 

of the present invention. In embodiments, the present invention provides a 
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method of making 2-deoxyglucose derivatives of the diagnostic and 
therapeutic agents of the present invention. 

[0078] In particular embodiments, the synthesis of a 2-deoxyglucose 

derivative of pyropheophorbide is provided. For example, to synthesize the 
desired Pyro-2DG, pyropheophorbide is first treated with N- 
hydroxysuccinimide in the presence of DCC. The pyropheophorbide 
succinimidyl ester so obtained is then reacted with activated D-glucosamine. 
to yield the desired conjugate in 50% overall yield (see Scheme 1'). In 
embodiments, activated D-glucosamine is produced by treating D-glucosamine 
hydrochloride with sodium methoxide. 

[0079] In further embodiments, an amine reactive universal linker, such as 

isothiocyanate, is introduced into the bacteriochlorophyll (BChl) macrocycle 
allowing bioconjugation of these NIR dyes with biologically important 
molecules such as peptides, metabolites, proteins, and other affinity ligands. 

[0080] In further embodiments, the synthesis of bacteriochlorin ee 

isothiocyanate CBChlE6-NCS) is also provided. BChlE6-NCS can 
subsequently be conjugated to a 2-deoxyglucose moiety to form 
bacteriochlorin 2-deoxyglucosamide. Specifically BOC-protected amino- 
bacteriochlorin ee (BChlE6-BOC) is formed from bacteriopheophorbide as 
described in more detail below. The bacteriopheophorbide a methyl ester is 
then used to produce amino-bacteriochlorin e6 (BchlE6-NH2) and 
bacteriochlorin e6 isothiocyanate (BChIE6-NCS), which is then conjugated to 
formBChlE6-2DG. 

[0081] The examples below explain the invention in more detail. The 

following preparations and examples are given to enable those skilled in the ^ 
art to more clearly understand and to practice the present invention. The 
present invention, however, is not limited in scope by the exemplified 
embodiments, which are intended as illustrations of single aspects of the 
invention only, and methods which are functionally equivalent are within the 
scope of the invention. Indeed, various modifications of the invention in 
addition to those described herein will become apparent to those skilled in the 
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art from the foregoing description and accompanying drawings. Such 
modifications are intended to fall within the scope of the appended claims. 

EXAMPLES 

EXAMPLE 1 
[0082] Experimental Procedures 

[0083] Materials and General Methods. Melting points are uncollected. 

UV-vis spectra were recorded on a Beckman DU-600 spectrophotometer. 
Fluorescence emission was measured with a Perkin-Elmer LS-50B 
fluorometer. NMR spectra were recorded on a Broker ASPECT 360 MHz 
instrument. ESI~MS and HRMS spectrometric analysis were performed at the 
Mass Spectrometry Facility of the Department of Chemistry, University of 
Pennsylvania. Methyl pheophorbide a was isolated from Spirulina pacifica 
algae available from Cyanotech Corp., Hawaii. Pyropheophorbide (1) was 
synthesized from methyl pheophorbide according to literature procedures 
(Zheng, G., Li, H., Zhang, M., Chance, B., and Glickson, J. D. (2002) Low- 
density lipoprotein Reconstituted by Pyropheophorbide Cholesteryl Oleate as 
Target Specific Photosensitizer Bioconjugate Chem. 13, 392-396). Other 
chemicals were purchased from Aldrich. When necessary, solvents were dried 
before use. For TLC, EM Science TLC plates (siUca gel 60 F254) were used. 
Reverse phase (RP) analytical HPLC was performed using a Zorbax RX-C8 
(9.4 mm x 250 mm) colrnnn eluting at 1.0 mL/min with MeCN/phosphate 
buffer (0% to 99% MeCN gradient) with UV-vis detection at 414 nm. 

[0084] Pyropheophorbide siiccinimidyl ester (2): Pyropheophorbide (1) 

(208 mg 0.39 mmol) was activated with DCC (SOmg 0.39mmol) and N- 
hydroxysuccinimide (92 mg 0.8 nmiol) in 10 mL DMF. After stirring for 24 h, 
urea was filtered off, and solvents were removed. The cmde product was 
purified by column chromatography (silica gel 60) and eluted with 5 % 
methanol in CH2CI2. The desired product was crystallized fix>m 
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CH2Cl2/hexane in 80% yield (195 mg 0.31 mmol). Mp: 200-202'*C. UV-vis in 
CH2CI2: 413 nm (e 1.1 x 10^), 509 (1.2 x 10*), 538 (l.Ox 10*). 609 (8.7 x 10^) 
and 666 (5.0 x 10*). Mass calculated for C37H37N5O5: 631.7; found by ESI-MS 
632.7(Mir) and 654.6 (M+Na''). NMR (CDCI3, 6 ppm): 9.42, 9.31 and 
8.56 (each s, IH. 5-H, 10-H and 20-H); 7.95 (dd, 7=17.8. 11.8 Hz, IH, 3^- 
CH=CH2); 6.25 (d, 7=17.8Hz, IH, trans-3^.CJi=CH.2y, 6.14 (d, 7=11.8 Hz. IH, 
cis-32-CH=CH2); 5.17 (ABX, 2H, I32.CH2); 4.49 (d, 7=7.2 Hz, IH for 18-H); 
4.40 (m. 7=7.2 Hz, IH for 17-H); 3.63 (s. 5H. 8-CH2CH3. 12-CH3); 3.40 and 
3.18 (each s, 3H, 2-CH3 and 7-CH3); 2.87 (br, 5H, 17*-H and succinimide- 
CH2CH2-); 2.62 and 2.27 (each m, IH. for 2 x ll^-H); 1.93 (m, IH for 17'-H); 
1.82 (d, 7=7.2 Hz. 3H, I8-CH3); 1.70 (t. 7=7.2 Hz, 3H, 8-CH2CH3); 1.33 and 
1.12 (each bis, IH, 2 x N-H). 

[0085] Pyropheophorbide-2-deoxyglucosainide (Pyro-2DG) (3): D- 

Glucosamine hydrochloride (130 mg 0.6 mmol) was added to a solution of 
sodium methoxide (32.4 mg 0.6 mmol) in 7 mL DMSO. The mixture was 
stirred for 2 h, and pyropheophorbide succinimide ester (2) (190 mg 0.3 mmol) 
was added. The reaction mixture was stirred under argon atmosphere for 20 h. 
After removing solvents, the crude product was washed with dichloromethane, 
water and crystallized from methanol. The title compound was obtained in 102 
mg yield. The filtrate was further concentrated and purified by silica gel plate 
chromatography (20% methanol in dichloromethane), 30 mg more of Pyro- 
2DG was obtained. Thus, the total product yield is 63% (132 mg, 0.19 mmol). 
Mp: >200"C. Analytical RP HPLC: R, 20.9 min, 99.5%. UV-vis in DMSO: 
415 nm (e 1.2 x lO'). 510 (1.2 x 10*), 540 (1.0 x 10*), 011 (8.6 x 10^) and 668 
(5.0 X 10*). Mass calcd for C39H4SN5O7: 718.3217 (M+Na*), found by HRMS: 
718.3249 (M+Na*). »H NMR (DMSO-dg): 8.97, 8.70 and 8.69 (each s, IH, 5- 
H, 10-H, and 20-H); 7.97 (dd, 7=17.7, 11.8 Hz, IH, 3'-CH=CH2); 6.15 (dd, 
2H, 7=17.7Hz, IH. /ra;w-32-CH=CH2. J=5.4Hz, a-H); 5.97 (d, 7=11.8 Hz, IH, 
cis-3^-CH=CH2); 4.98 (ABX, 2H, I32-CH2); 4.81-4.35 (each m. total 5H, 
sugar-H); 4.18 (br. IH for 18-H); 4.11 (d, 7=7.2H2, IH for 17-H); 3.68 (q, 
7=7.4 Hz, 2H, 8-CH2CH3); 3.58, 3.43and 3.16 (s, each 3H. I2-CH3, 2-CH3 and 
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7-CH3); 2.59 (m, IH. 17»-H); 2.50 (m. 2H, H^-H); 2.12 (m, IH, 17»-H) 1.80 
(d. /=7.2 Hz. 3H, I8-CH3); 1.59 (t, 7=7.2 Hz, 3H, 8-CH2CH3). 

[0086] Confocal Microscopic Studies: 9L gKoma cells were grown for 5 days 

in 4-well Lab-Tek chamber slides (Naperville, Illinois). Before the ceU 
experiments, the culture medium was replaced by preincubation medium 
(medium with 1% (w/v) BSA instead of FES). The cells were washed three 
times with preincubation medium (for 15, 15, and 30 min), and cultured in this 
medium for a further 20 hours. Experiments were started, after two quick 
washes widi preincubation medium, by the addition of preincubation medium 
containing the indicated amounts of Pyro-2DG and/or D-Glucose. After 30 
minutes incubation at 37°C, the ceUs were washed five tunes with ice-cold 
PBS containing 0.8% BSA, two times with PBS alone, and fixed for 20 
minutes with 2% formaldehyde in PBS at room temperature. Then the 
chamber slides were mounted and sealed for confocal microscopic analysis. 

[OOST] Animals: Rat 9L glioma was implanted on the flanks of male Fisher 

344 rats (150 - 200g) via subcutaneous injection of 0.1 mL, -10^ 9L glioma 
cells. Within ten da^, tumors grew to the desired size of 1 cm in diameter. 
After not feeding animals for 24 hours, the rats were anaesthetized via 
intraperitoneal injection of Ketamine (75mg/kg) and Xylazine (lOmg/kg). 
Pyro-2DG (2mL, concentration: 0.25mg/mL) was injected via tail vein 
infusion over a period of 1 hour (dose: 2.5mg/kg). Thirty minutes later, the rats 
were anesthetized again and subjected to PDT. 

[0088] PDT Protocol: A "point treatment" protocol was designed for 

evaluating PDT response of Pyro-2DG. PDT was carried out using a KTP 
YAG pumped dye module (Laserscope, San Jose, CA) tuned to produce 670 
nm light, light delivery was through a 1mm fiber to create a tteatment spot of 
0.96mm in diameter when the fiber was held closely adjacent to the tumor. 
. The light field was fixed in position at the center of the tumor by mounting the 
fiber in the center of a circular plate which was glued to the anesthetized 
animal. The light was delivered at a fiuence rate of 75mW/cm^ to a total dose 
of 175 J/cm^ Laser power output was measured with a power meter 
(Coherent, Auburn, CA). 
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[0089] Fluorescence Imaging of Tumors (Quistorff, B., Haselgrove, J. C, 

and Chance, B. (1985) High spatial resolution readout of 3-D metabolic organ 
structure: an automated, low-temperature redox ratio-scanning instrument. 
Anal Biochem. 148, 389-400; Gu. Y. Q., Qian, Z. Y., Chen. J. X., Blessington, 
D., Ramanujam, N., and Chance, B. (2002) High-resolution three-dimensional 
scanning optical image system for intrinsic and extrinsic contrast agents in 
tissue. Rev. Sci. Instruments 73, 172-178; Ramanujam, N., Richards-Kortum, 
R., Thomsen, S., Mahadevan-Jansen, A., FoUen M., and Chance B. (2001) 
Low temperature fluorescence imaging of freeze-trapped human cervical 
tissues. Opt. Express 8, 335-343): Immediately after PDT, animals were 
immersed in pre-cooled isopentane (-ISO^C) and transferred to Uquid nitrogen 
(-196°C) 5 minutes later. Tumors were then surgically excised, embedded in a 
mixture of ethanol-gjycerol-wata: (freeze point: -30*'C), and mounted at low 
temperature for 3D surface fluorometric scanning. Thus, the frozen tumor 
sample was milled flat and imaged every 100 jim from the top surface to the 
bottom of the tumor. The light guide (fused silica, 50 ^m core diameter) 
stepped across the tissue surface at a fixed distance from the tissue surface (70 
^m). The imaging resolution of the low temperature scanning fluorometer was 
80|im. The fluorescent signals of FP (filters: Ex: 440DP20, Em: 520DF40), 
PN (filters: Ex: 365Hr25, Em: 455DF70), Pyro-2DG (filters: Ex: 405DF40, 
Em: 700ALP) were imaged for each depth of tumor. The scanning was 
performed at 128 x 128 steps that could cover 1.024 x 1.024 cm^. Ihe 
fluorescence signal was automatically digitized and recorded on a PC. Hie 
redox ratio of FP/(FP+PN) was calculated with MATLAB. 

[0090] To synthesize the desired Pyro-2DG, the pyropheophorbide was first 

treated with N-hydroxysuccinimide in the presence of DCC. The 
pyropheophorbide succinimidyl ester (2) so obtained was reacted with D- 
glucosamine that was activated by treating D-glucosamine hydrochloride with 
sodium methoxide to yield the desired conjugate (3) in 50% overall yield (see 
Scheme 1'). The structures of all new compounds were confirmed by HRMS 
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and NMR spectroscopy. The HPLC chromatograms of the final conjugate 
confinned its homogeneity. 
[0091] Despite containing the hydrophilic 2DG moiety, Pyro-2DG is only 

partially water-soluble due to the hydrophobic nature of the porphyrin 
macrocycle. Formulation with detergent (1% Tween 80) made it completely 
miscible with water and suitable for in vivo administration. A "point 
treatment" protocol for evaluating PDT response of Pyro-2DG was designed. 
Instead of irradiating the whole tumor area (1cm in diameter), only an area 
-1mm in diameter at the center of the tumor was treated. The same laser 
power and light dose (75mW/cm^, 175 J/cm^) were used throughout the 
experiments. Based on the absorption and emission maxima of Pyro-2DG 
(Xex=665nm; Xexn=720nm), the 9L tumor was treated with 670 nm laser light, 
and a 700 nm long pass filter was incorporated into the 3D fluorescence 
scanner for collecting the Pyro-2DG fluorescence at 720 nm. This point 
treatment procedure is designed for two purposes: 1) to allow the adjacent 
untreated tumor region along with the normal tissue region to serve as internal 
controls; and 2) to evaluate possible bystander effects. 




Scheme 1*. Synthesis of Pyro-2DG. 



[0092] The tumor specificity of Pyro-2DG is, of course, limited by uptake of 

glucose by various normal tissues; however, most tumors consume 
substantially more glucose than the surrounding normal tissues. Thus, all PDT 
experiments were carried out under fasting conditions. Low serum glucose 
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levels were achieved by not feeding animals for 24 hour before the 
experiments. Moreover, the animals were given low concentration Pyro-2DG 
via tail vein infusion over a period of 1 hour to enhance the tumor uptake. 
Thirty minutes after injection, the animals were subjected to the PDT 
(75mW/cm^, 175 J/cm^). After PDT, animals were rapidly frozen and kept in 
liquid nitrogen for fluorescence imaging studies using the low temperature 3D 
scanning fluorometer. 

[0093] This fluorometer was designed originally to examine the redox state of 

in-vivo-freeze-trapped tissue (Quistorff, B., Haselgrove, J. C, and Chance, B. 
(1985) High spatial resolution readout of 3-D metabolic organ structure: an 
automated, low-temperature redox ratio-scanning instrument Anal Biochem. 
148, 389-400). It detects the intrinsic fluorescence of oxidized flavoprotein 
(FP, Xex: 436 nm, Xcm' 560 nm) and reduced pyridine nucleotide (PN, X^xi 366 
nm, Xcm- 450 nm) stemming from mitochondria. The PN signal indicates 
mainly NADH, whereas the FP signal originates from the flavins of 
dehydrolipoamide dehydrogenase component of pyruvate dehydrogenase and 
a-ketoglutarate dehydrogenase. Because 1) the flavoproteins are coupled to the 
mitochondrial NAD/NADH redox system by pyravate dehydrogenase and a- 
ketoglutarate dehydrogenase reactions, and 2) only the reduced form of the PN 
system and the oxidized species of FP couple are strongly fluorescent, the ratio 
of FP/(FP+PN) calculated from FP and PN signals accurately represents the 
redox state of the mitochondrial NAD/NADH redox couple (Chance, B., 
Schoener, B., Oshino, R., Itshak, F., and Nadase, Y. (1979) Oxidation- 
Reduction Ratio Studies of Mitochondria in Freeze-Trapped Samples. J, Biol 
Chem. 254, AnM-AniV). Thus, the redox ratio can be used to evaluate the PDT 
damage to the tumor mitochondria. In addition to monitoring the fluorescence 
of endogenous PN (NADH) and FP, this fluorometer is also useful in detecting 
any exogenous fluorophore (e.g. Pyro-2DG) that is present in the specimen. 

[0094] There are some distinctive advantages of this freeze-quenching 

technique (Quistorff, B., Haselgrove, J. C, and Chance, B, (1985) High spatial 
resolution readout of 3-D metabolic organ structure: an automated, low- 
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temperature redox ratio-scanning instrument. Anal. Biochem. 148, 389-400, 
Chance, B., Schoener, B., Oshino, R., Itshak, F., and Nadase, Y, (1979) 
Oxidation-Reduction Ratio Studies of Mitochondria in Freeze-Trapped 
Samples. /. BioL Chem. 254, 4764-4771). First, it stops metabolic processes, 
providing a "snap shot" of metabolism at the moment of freezing and also 
allowing a 3D analysis by means of reflectance spectrophotometric imaging of 
successive slices through the frozen tissue block. Furthermore, the 
fluorescence quantum yield is typically 5- to 10- fold higher at liquid nitrogen 
temperature, vastly improving the signal-to-noise ratio. Also, because of the 
complete arrest of metabolic processes, the time taken for the analysis is not of 
importance. This facilitates high resolution scanning with signal/noise 
enhancement through signal averaging. Using this technique, we have studied 
fluorescence images of FP, PN (NADH) and Pyro-2DG on animals with or 
without PDT treatment. The results are discussed below: 

[0095] Figure 1 shows the redox ratio images (the first colimnai), their 

corresponding histograms (the second column) and the Pyro-2DG fluorescence 
images (the third column) of 9L glioma and surrounding muscle tissue. The x 
and y axes of images represents the number of pixels scanned, whereas x and y 
axes of the histograms represents the relative redox ratio value and its 
corresponding pixel number, respectively. As shown in Figure 1, Pyro-2DG is 
selectively accumulated inside the tumor margin (top row images) compared to 
surrounding normal tissue such as muscle (middle row images), and there is no 
background fluorescence observed from the control experiment in which 
tumor is imaged in the absence of Pyro-2DG (bottom row images). This study 
also demonstrates that the tumor control (tumor alone) and the dmg control 
(Pyro-2DG + tumor) exhibit similar redox states since similar FP and PN 
signals and similar FP/(FP+PN) ratios were detected in both instances. This 
indicates that the addition of Pyro-2DG has no effect on the mitochondrial 
activities of the tumor in the absence of light. 

[0096] Upon PDT treatment, Pyro-2DG dramatically altered the redox state of 

the tumor. As shown in Figure 2, the irradiated spot (indicated by a cross) 
exhibited a marked increase in FP fluorescence (red region in the center of 
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tumor, see the first image of the top row) and a significant decrease in NADH 
fluorescence (see the second image of the top row). This produced a dramatic 
increase in the redox ratio of the tumor [FP/(FP+PN), see the third image of 
the top row]. Since the ratio of FP/(FP+PN) represents the redox state of the 
mitochondrial NAD/NADH redox couple, the significant enhancement of this 
ratio clearly reflects the extensive mitochondrial damage (oxidation) 
experienced by the irradiated region of the tumor, but not the adjacent 
unirradiated region. Strikingly, the complete disappearance of the Pyro-2DG 
fluorescence signal was observed in the same region (there is a dark "hole" at 
the center of the tumor, see the last image of the top row), indicating selective 
photobleaching of the photosensitizer. Since PDT is mediated by the 
production of reactive oxygen species resulting in cell kill via oxidation (22), 
there is a direct correlation between the selective photobleaching of the Pyro- 
2DG and the selective tumor destraction stemming from the oxidation of 
tumor mitochondria. In order to verify that such tumor destraction is caused by 
the photodynamic action of the Pyro-2DG, a PDT control experiment was 
conducted by not injecting the photosensitizer. As shown in Figure 2 (see the 
bottom row images), there is little or no change in the redox ratio in the 
absence of Pyro-2DG; this experiment, therefore, clearly demonstrates that the 
PDT response is due to Pyro-2DG' photosensitization. 

[0097] To determine the specificity of Pyro-2DG toward GLUTs, confocal 

fluorescence microscopy studies were performed. As shown in Figure 4, Pyro- 
2DG localizes within 9L glioma cells at 37^C and that localization was 
competitively inhibited by D-glucose. In contrast to Pyro-2DG, uptake of 
pyropheophorbide a in 9L glioma cells is concentration dependent and is not 
inhibited by D-glucose, indicating that its uptake is GLUT-independent (data 
not shown). This study suggests that Pyro-2DG is delivered and trapped in 
tumor cells via the GLUT/hexokinase pathway. 

[0098] In conclusion, a new photosensitizer targeted at the GLUT pathway to 

serve as both a targeted PDT agent and a NIR imaging agent has been 
designed and synthesized. Following intravenous administration to 9L glioma 
bearing animals, Pyro-2DG selectively accumulated in the tumor compared to 
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the surrounding nonnal tissue as observed by measuring its MIR fluorescence 
at 720 nm using a low-temperature 3D fluorescence scanner. Upon PDT 
treatment of this tumor, this agent efficiently causes selective mitochondrial 
damage to the region of a tumor that was photoirradiated after administration 
of this agent, but does not affect tissues photoirradiated in the absence of the 
agent or tissues treated with the agent that are not photoirradiated. The 
confocal microscopy data are consistent with the hypothesis that Pyro-2-DG 
has been delivered and trapped in tumor cells via the GLUT/hexokinase 
pathway, and therefore, Pyro-2DG is useful both as a tumor-selective MIR 
fluorescence imaging probe and as a PDT agent. 



EXAMPLE 2 



[0099] Experimental Procedures 

[00100] Materials 

[00101] All 2-deoxyglucose conjugates,, including pyropheophorbide 2- 
deoxyglucosamide (Pyro-2DG) (Zhang, M., et cd., Bioconjugate Chemistry 
14:709-714 (2003)), two bacteriochlorophyll 2-deoxyglucosamides (BChlPP- 
2DG and BChlE6-2DG), dicarbocyanine 2-deoxyglucosamide CNIR664-2DG) 
and two tricarbocyanine 2-deoxyglucosamides (NIR805-2DG and Cypate- 
2DG), were synthesized in our molecular imaging chemistry laboratory of the 
Department of Radiology at the University of Pennsylvania. All fluorophores 
were prepared in-house, except the Cypate (Achilefu, S., et al, J. Med. Chem. 
-^5:2003-2015 (2002)), which is a generous gift by Dr. Achilefu of the 
Washington University Medical School. 

[00102] Confocal Microscopic Studies 

[00103] 9L gUoma cells, obtained from Department of Radiation Oncology at 
University of Pennsylvania, were cultured in Modified Eagle's Medium 
(MEM) supplemented vdth 15% newborn calf serum (NCS), 100 U/ml 
penicillin-streptomycin. Murine melanoma B16 cells, obtained from Dr. Theo 
van Berkel's laboratory at the University of Leiden, Netherlands, were cultured 
in Dulbeco's modified Eagle's medium (DMEM) supplemented with 10% fetal 
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bovine serum (FBS) and 100 U/n-d penicillin-streptomycin Cells were grown 
at SV'^C in an atmosphere of 5% CO2 in a humidified incubator. Cells were 
grown for 5 days in 4-well Lab-Tek chamber slides (Naperville, niinois) 
before the experiment. Indicated amounts of NIRF-2DGs with or without D- 
Glucose and Rbodaminc-123 were incubated with 9L glioma cells/B16 
melanoma cells at 37°C for 30 min after 3 washes with Dulbecco^s Phosphate 
Buffered Saline (D-PBS). After incubation, the cells were washed five times 
with ice-cold PBS and Fixed for 20 minutes with 2% formaldehyde in PBS at 
room temperature. Then the chamber slides were mounted and sealed for 
confocal microscopic analysis. Confocal aticroscopic images were obtained 
with TCS SPn laser scanning confocal microscope (LSCM) (Heidelber, 
Germany). 

[00104] Tumor bearing animal models 

[00105] Two tumor bearing animal models were used for this study. 9L glioma 
bearing rat model was obtained by implanting 2 x 106 Cells in the flank of 
male Fisher 344 rats (150 - 200g) via subcutaneous injection. Animals were 
studied when tumor size reached 2 cm x 1.8 cm. To facilitate the in vivo NM 
imaging using Palomar™ Imager, KB tumor (squamous cell carcinoma) 
bearing nu/nu mouse model was also used. The average tumor size was 0.8 
cm X 0.8 cm. 

[00106] Sample preparation for fluorescent Cryo-imaging 

[00107] The 9L glioma-bearing rat was anaesthetized intraperitoneally by 
injecting Ketamine (75 mg/kg) and Xylazine (lOing/kg) and was given Pyro- 
2DG (ImL, concentration: 0.5 mg/ml) via tail vein injection within 2 min. 
After 2 hirs, the rat was inmiersed in pre-cooled isopentane (-150°C) and 
transferred to liquid nitrogen {A96''C) 5 minutes later. Tumors and the 
surrounding muscle tissues were then surgically excised, embedded in a 
mixture buffer (ethaiiol-glycerol-water, freeze point: -30'*C), and mounted for 
fluorescent Cryo-imaging. 

[00108] Fluorescent and redox ratio imaging of tumora with the Cryo-Iinager 
(Quistoiff, B., et al. Analytical Biochemistry i^&389-400 (1985)) 
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[00109] The frozen tumor sample was ground flat and then further ground to 
obtain images every 100 |LUn from the top surface to the bottom of the tumor. 
A bifurcated optical fiber bundle (7 quartz fibers, 70 pi core diameter for each, 
0.34 numerical aperture, 1 fiber for emission in center, 6 fibers for excitation 
around the emission fiber) stepped across the tissue surface at a fixed distance. 
The excitation filter and the emission filter for detecting the fluorescent signals 
of each substance were designed based on the absorption and emission spectra 
of each fluorophores (See Fig. 1). Using a Mercury Arc lamp as the excitation 
light source, the fluorescent signals of oxidized flavoprotein (Fp, filter: Ex: 
44ODF20, Em: 52ODF40), reduced pyridine nucleotide (PN, filters; Ex: 
365HT25, Em: 455DF70) were also obtained for each depth of the tumors. 
The redox ratio of PN/(Fp+PN) and Fp/(EP+PN) calculated with MATLAB 
represented the reduced state and oxidized state of the mitochondria, 
respectively. The scaiming was performed at 128 x 128 steps that covered 
1,024 X 1.024 cm^ area (80 \xm in-plane resolution). 

[00110] In vivo real time fluorescent imaging of tumors with the Palomar™ 
Imager (Benaron, D.A., et al. Molecular bnaging 2:S 194 (2003)) 

[00111] NIR805-2DG probe (100 fxL of 1 \jM) was administered intravenously 
to the nu/nu mice with KB tumors. A series of real time Palomar™ images 
were taken at different time points. The Palomar Imager, developed by the 
Spectros Corp., CA, is a flexible system designed for imaging the distribution 
and localization of targeted fluorescent agents in small animals and humans in 
room light surgical operating room conditions. 

[00112] Results and Discussion 

[00113] For this study, we have synthesized a series of NIRF-2DG conjugates 
by replacing the [^^F] atom at the 2-position of the FDG with fluorophores 
based on either tetrapyrrole dyes or cyanine dyes. These imaging agents are 
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pyropheophorbide 2-deoxyglucosamide (Pyro-2DG), two bacjteriochlorin 2- 
deoxyglucosamides (BChlPP-2DG and BChIE6-2DG), dicarbocyanine 2- 
deoxyglucosamide (NIR664-2DG) and two tricarbocyanine 2- 
deoxyglucosamides, N1R805-2DG and Cypate-2DG. 

[00114] In vitro fluorescence studies 

[00115] It is well known that the mechanism of ^*FDG accumulation in tumors 
is similar to that of native D-glucose since [**F] atom of the EDG is very 
similar to the native 2-OH group of the glucose size wise. To our strategy, the 
first question needs to be answered is that, will replacement of with a 
much larger fluorophore moiety affect its GLUT transportation and the 
subsequent hexokinase mediated phosphorylation reaction? Or using a 
metaphor, will the "mouse" be able to drag an "elephant" throu^ a mouse 
hole? To determine whether NIRF-2DG was transported through GLUTs, laser 
confocal microscopy was first used to demonstrate and quantify the uptake and 
localization of Pyro-2DG, which has a neutral porphyrin fluorophore, in 9L 
gUoma cells. As shown in Figure 5, Pyro-2DG localizes within 9L glioma 
cells at 37°C and localization was competitively inhibited by D-glucose. In 
contrast to Pyro-2DG, uptake of pyropheophorbide a in 9L glioma cells is 
concentration dependent and is not inhibited by D-glucose, indicating that its 
uptake is GLUT-independent. Thus, Pyro-2DG uptake by 9L gHoma cells 
appears to be through the active-transport mechanism. To farther determine the 
subcellular localization of Pyro-2DG, we performed the confocal imaging of 
9L glioma cells incubated with both Pyio-2DG and Rhodamine 123, a weU- 
known mitochondria tracker. As shown in Figure 6 below, the results clearly 
demonstrated that Pyro-2DG localized in mitochondria. 

[00116] The same question was asked for other 2-deoxyglucose fluorescent 
probes, and especially those have charged cyanine fluorophores. To examine 
the effect of structural difference of different fluorophores on the tumor 
uptake, similar confocal imaging studies were performed for NIR664-2DG. 
Figure 7 demonstrated that NIR664-2DG locaUzed within B16 melanoma 
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cells, another GLUTs overexpression tumor line, at 37*^0 after 20 minutes 
incubation, and that localization was competitively inhibited by D-glucose. 
Thus, cyanine dye based NIRF-2DG probes appear to enter the cells via the 
same uptake mechanism as do the neutral porphyrin-based NIR-2DG probes. 

Low temperature fluorescence imaging studies using Cryo-imager. To test 
these new probes in animal models, surface fluorescence scanning was 
performed on all probes using a high-resolution low temperature fluorometer 
(Cryo-imager) and all compounds were found to selectively accumulate in 
animal tumors. Figure 8 illustrated that Pyro-2DG accumulated preferentially 
in the 9L glioma tumors of fasted rats relative to adjacent skeletal muscle at a 
ratio of 10:1. 

[00117] In order to determine the biodistribution of the Pyro-2DG, a normal 
Fisher 344 rat was sacrificed and different organs were scanned for Pyro-2DG 
fluorescence with Cryo-imager 1 hour after Pyro-2DG was intravenously 
administered. The preliminary results shown in Figure 9 indicated that Pyro- 
2DG accumulated predominantly in liver, with lesser accumulation in spleen 
and kidney, and does not cross the blood-brain barrier. 
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[00118] In vivo real time imaging of tumors with NIRF-2DG. 

[00119] An in vivo real time tmnor imaging study was perfoimed in bright 
room light using Spectros' Palomar Optical Contrast system. This is a flexible 
system designed for imaging the distribution and localization of targeted 
fluorescent agents in humans and small animals in room light surgical 
operating room conditions. The images were displayed with 1 second update 
speed, including all processing/colorization of tumor fluorescence overlaid on 
a black and white background image. Thus, NIR805-2DG probe (100 hL of 1 
MM) was administered intravenously to the nu/nu mice with KB tumors 
(squamous cell carcinoma) and a series of real time Palomar images were 
taken at different time points (see Figure 10). At 10 min post-injection, the 
fluorescent signal glows everywhere, with a signal forming slightiy then 
strongly over the liver with no localized signal con-Ling from the tumor (T). 
There is no signal at the tumor, in part due to the scaling of the image (since 
too much signal everywhere, so scale is raised to see only the Uver outUne). 
After I hr, the signal is primarily over the liver. By 4 hours, the dorsal tumor 
glows brightiy, and there is less dye signal from the liver. At 1 day, tiiere is a 
large amount of signal in the gut (G) in the abdomen, but tumor signal stUl was 
observed. This study clearly demonstrated that the utility of NIRF-2DG as 
NIR fluorescent imaging agents for the detection of tumor in vivo. 

[00120] Conclusion 

[00121] In conclusion, a series of new NIR fluorescent imaging and PDT agents 
targeting at the GLUT pathway have been designed and synthesized. Both the 
in vitro confocal necroscopy data and the in vivo imagmg studies confirmed 
that both porphyrin and cyanine dye-based 2-deoxyglucose conjugates are 
tumor selective. In conjunction with using tiiese new imaging probes, the NIR 
fluorescence imaging and photodynamic therapy method described earlier 
provides a prospective high sensitive technology for detecting and treating 
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subsurface cancers at an early stage, thus providing a facial transition between 
cancer detection and treatment. 

EXAMPLES 

EXPERIMENTAL PROCEDURES 

[00122] Materials and General Methods. Melting points are uncorrected. 
UV-vis spectra were recorded on a Beckman DU-600 or a Perkin-Elmer 
Lambda spectrophotometer. Fluorescence emission was measured with a 
Perkin-Elmer LS-50B fluorometer. 'H NMR spectra were recorded on a 
Bruker ASPECT 360 MHz instrument ESI-MS and HRMS spectrometry 
analysis were performed at the Mass Spectrometry Facility of the Departmrait 
of Chemistry, University of Pennsylvania. Methyl pheophorbide a was 
obtained from Spirulina pacifica algae available from Cyanotech Corp., 
Hawaii. Purpurin-18 methyl ester (1) was synthesized from methyl 
pheophorbide according to a literature procedure. (Zheng, G.; Li, H.; Zhang, 
M.; Lund-Katz, S.; Chance, B.; Glickson, J. D., Low-density lipoprotein 
reconstituted by pyropheophorbide cholesteryl oleate as target-specific 
photosensitizer. Bioconjugate Chemistry 2002, 13, (3), 392-396.) 
Bacteriochlorophyll a (BChl) was extracted from R. Sphaeroides biomass 
purchased from Frontier Science, Utah. Bacteriopurpurin-18 methyl ester (6) 
and bacteriopheophorbide a methyl ester (11) weare synthesized from BChl 
according to previously described procedures.( Kozyrev, A. N.; Th&ng, G.; 
Zhu, C. F.; Dougherty, T. J.; Smith, K. M.; Pandey, R. K., Syntheses of stable 
bacteriochlorophyll-a <terivatives as potential photosensitizers for 
photodynamic therapy. Tetrahedron Letters 1996, 37, (36), 6431-6434; 
Hartwich, G.; Fiedor, L.; Simonin, I.; Cmiel, E.; Schafer, W.; Noy, D.; Scherz, 
A.; Scheer, H., Metal-substituted bacteriochlorophylls. 1. Preparation and 
influence of metal and coordination on spectra. Journal of the American 
Chemical Society 1998, 120, (15), 3675-3683). Other chemicals were 
purchased from Aldrich. Where necessary, solvents were dried before use. For 
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TLC, EM Science TLC plates (siUca gel 60 F254) were used. Purity of the iSnal 
conjugates was validated by reverse phase HPLC using a Waters Delta-600 
analytical/semi-preparation system equipped with photodiode array and 
fluorescence detectoi^. 

[00123] Purpurin-18-N-3'-(BOC-amino)propyliniide, PP18-BOC (2): 
Purpurin-18 methyl ester (1) (200 mg, 0.346 mmol) and tert-Bntyl N-(3- 
aminopropyl)-carbamate (380 mg, 2.18 mmol) were dissolved in 15 mL 
benzene. The mixture was refluxed at 78°C under argon atmosphere for 48 hrs. 
After removing solvent, the crude residue was purified by silica gel column 
chromatography with 5% MeOH in CH2CI2. The desired product was obtained 
in 75% yield (190 mg). UV-vis in CH2CI2 K^: 367 ran (e: 5.3 x 10*), 419 (1.3 
X 10^), 550 (2.2 X 10^. 662 (9.4 x 10^) and 706 (4.1 x 10^ Mass calculated 
for QaHsoNeOe: 734.4; found by ESI-MS; 757.8 (M+Na) \ *H NMR (CDCI3, 
5 ppm): 9.27, 9.07 and 8.55 (each, s, IH, for 10, 5 and 20-H), 7.75 (dd, IH), 
6.17 (d, IH), 6.06 (d, IH), 5.72 (brs, IH). 5.38 (d, IH), 4.59 (t, 2H), 4.38 (m, 
IH), 3.65 and 3.63 (each, s, 3H), 3.37 (m, 4H), 3.29 and 2.94 (each, s, 3H), 
2.86 (m, IH), 2.46 (m, 2H, IH), 2.21 (m, 2H). 2.00 (m, IH), 1.80 (d, 3H), 1.54 
(s, 12H), -0.2 and -0.31 (each brs, IH, 2 x NH). 
[00124] Purpurin-18-N-3'-(isothiocyanate)propylimide, PP18-NCS (4): 
Puipurin-18-N-3'-(BOC-amino)propylimide (190 mg, 0.259mmol) was 
dissolved in 3 mL TFA. The mixture was subsequently stirred at room 
temperature under argon atmosphere. One hour later, TFA was removed by 
vacuum. The crude residue was diluted with 40 mL CH2CI2, and then washed 
with 30 mL NaHCOa and 2 x 30 mL water. The organic layer was dried over 
anhydrous Na2S04. After removing solvent, purpurin-18-N-3'- 
(amino)propylimide (3) was obtained in 140 mg (yield 86%). It was then used 
directly for the next reaction without further purification. This intermediate 
(140 mg, 0.22 mmol) and l.l'-thiocarbonyldiimidazole (43 mg, 0.243 mmol) 
were dissolved in 10 mL CH2CI2. The reaction mixture was refluxed at 40°C 
under argon atmosphere for 3 hrs. After removing solvent, the crude obtained 
was purified by siHca gel plate with 2% MeOH in CH2CI2. The desired 
isothiocyanate product was obtained in 75% yield (110 mg). UV-vis in CH2CI2 



wo 2004/1102SS 



PCT/US2004/018143 



-37- 



X^: 367 nm (e: 4.8 x 10*), 418 (1.5 x 10^ 550 (1.0 x 10*). 649 (2.4 x 10^) 
and 706 (5.5 x 10*). Mass calculated for C38H40N6O4S: 699.2729 (M+Na) ^ 
found by HRMS: 699.2691 (M+Na) \ 'H NMR (CDCI3. 6 ppm): 9.56. 9.32 
and 8.56 (each s. IH. for 10, 5 and 20-H), 7.87 (dd. IH). 6.27 (d. IH). 6.15 (d. 
IH). 5.31 (d. IH). 4.60 (t. 2H). 4.35 (m. IH), 3.87 (t. 2H), 3.85 (s. 3H), 3.65- 
3.55 (m, 5H,), 3.34 and 3.13 (each s, 3H). 2.75 (m, IH). 2.40 (m, 4H), 1.97 (m. 
IH). 1.76 (d, 3H). 1.65 (t, 3H). 0.08 (m, 2H, 2 X NH). 
[00125] Preparation of 2-deoxyglucose coi^ugate of Purpurto-lS-N-S'- 
(isoflUocyanatOpropylfanide, PPIS-IDG (5): D-Glucosamine hydrochloride 
(13 mg. 0.06 mmol) was added to a solution containing sodium methoxide 
(3.24 mg. 0.06 mmol) in 3 mL DMSO. The reaction mixture was stirred at 
room temperature for 2 hrs, and purpuiin-18-N-3'-(isothiocyanate)propylimide 
(19 mg. 0.028 mmol) and 50 mL diisopropylediylamine were added. The 
resulting solution was stirred under argon atmosphere for 20 hrs. After 
removing solvent and base by vacuum, the crude obtained was washed with 
both CH2CI2 and, water and subsequently crystallized ftom MeOH. The 
desired 2-deoxyglucose conjugate (5) was obtained (8 mg). The filtrate was 
further concentrated and purified by siUca gel plate chromatogi^hy (10% 
MeOH in CH2CI2) to yield 4mg of product Hius. the total yield for 5 was 50% 
(12 mg). UV-vis in DMSO X^: 366 nm (e: 5.3 x 10=). 419 (1.4 x 10*), 550 
(2.4 X 10*). 648 (8.0 x 10^) and 705 (5.2 x 10*). Mass calcd for C44H53N7O9S: 
878.3523 (M+Na) found by HRMS; 878.3542 (M+Na) \ ^H NMR (DMSO- 
d-6. 5 ppm): 9.27. 9.16 and 8.85 (each s, IH, for 10, 5 and 20-H), 8.01 (dd, 
IH), 7.80 (br, IH). 6.55 (br. IH), 6.33 (d, IH), 6.12 (d. IH), 5.24-4.21 (9H), 
3.80-3.40 (13H), 2.90 (s, 3H), 2.60 (m, IH), 2.50-2.30 (m, 2H), 2.08 (m, 2H)! 
1.8 (m. IH), 1.72 (d. 3H), 1.41 (t, 3H), -0.61 and -0.67 (each s. IH. 2 x NH). ' 
[00126] Bacteriopurpurin-18.N.3'.(BOC.amino)propyliiiiide, BChlPP- 
BOC (7): Bacteriopuipurin-18 methyl ester (6) (100 mg. 0.186 mmol) and 
tert-Butyl N-(3-aminopropyl)-carbamate (250 mg. 1.44 mmol) were dissolved 
in benzene (7 mL). The solution was refluxed at 78«»C under argon atmosphere 
for 48 hrs. After removing solvent, the residue so obtained was purified by 
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silica gel column chromatography with 5% MeOH in CH2CI2 to affoid the title 
compound in 18% yield (24 mg). UV-vis in CH2CI2 K^: 364nm (e: 8.4 x 
10'»), 414 (4.2 X 1(f), 544 (3.1 x 10*), 739 (7.6 x 10^) and 820 (6.3 x 10'*). 
Mass calcd for C42H52N6O7: 752.4 (Nt); found by ESI-MS: 775.8 (M+Na) 

NMR (CDCI3. 5 ppm): 9.23, 8.80 and 8.62 (each s, IH, for 5, 10 and 20- 
H), 5.62 (br, IH, -NHBoc), 5.24 (m, IH), 4.52 (m, 2H), 4.28 (m. 2H), 4.09 (m, 
IH), 3.69, 3.59, 3.54 and 3.17 (each s, 3H), 3.31 (m, 2H), 2.71 (m, IH). 2.37 
(m, 3H). 2.15 (m. 2H), 2.10-1.90 (m, 2H), 1.81 (d, 3H), 1.72 (d. 3H). 1.50 (s, 
9H), 1.11 (t, 3H), -0.46 and -0.68 (each s, IH 2 x NH). 
[00127] Bacteriopurpurin-18-N-3'-(amino)propyliinide, BChlPP-NHz (8): 
The BOC derivative of bacteriopurpurinimide (24 mg. 0.032mmol) was 
dissolved in TFA (2 mL). The solution was stin«d at room temperature under 
argon atmosphere for Ihr. After removing TFA by vacuum, the residue was 
redissolved in CH2CI2 (40 mL), and washed with NaHCOs (20 mL) and water 
(2 x 30 mL). The organic layer was dried over anhydrous Na2S04. Removing 
solvent generated the title compound in 86% yield (18 mg). UV-vis in CH2CI2 
Xn^: 365 nm (e: 8.7 x 10*). 416 (5.6 x 10*), 547 (3.4 x 10*), 736 (9.5 x 10^) 
and 822 (6.5 x 10*). Mass calculated for C37H44N6O5: 652.3; found by ESI- 
MS; 675.3 (M+Na) \ NMR (CDCI3, 5 ppm): 9.23, 8.80 and 8.63 (each s. 
IH, 5.H; 10-H and 20-H), 5.27 (m, IH). 4.54 (m, 2H), 4.28 (m. 2H). 4.09 (m. 
IH). 3.69, 3.58, 3.55 and 3.17 (each s, 3H), 2.95 (m, 2H), 2.69 (m, IH). 2.33 
(m. 4H). 2.10-1.90 (m, 3H), 1.80 (d. 3H). 1.72 (d, 3H). 1.10 (t, 3H). -0.49 and 
-0.71 (each s, IH, 2 x NH). 

[00128] Bacteriopurpuriii-18-N-3'.(isothiocyanate)propyliiiiide, BCUFP. 
NCS (9): Amino derivatives of bacteriopurpurinimide (18 mg. 0.027 mmol) 
and 1. r-thiocaibonyldiimidazole (5.3 mg, 0.0298 mmol) were dissolved in 
CH2CI2 (2 mL). The solution was stirred at room temperature under argon 
atinosphere for 20 hrs. After removing solvent, the residue was purified by 
silica gel plate chromatography witii 2% MeOH in CH2CI2 to obtain the 
desired product in 75% yield (14 mg). UV-vis in CH2CI2 X^: 365 nm (e: 8.4 
X 10*). 416 (4.8 X 10*). 547 (3.5 x 10*). 736 (9.0 x 10^) and 822(6.3x 10*). 
Mass calculated for C38H42N605SNa: 717.2835; found by HRMS; 717.2823 
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(M+Na*). NMR (CDCI3. 5 ppm): 9.23. 8.80 and 8.63 (each s. IH. for 5, 10 
and 20-H). 5.24 (d, IH). 4.60 (t. 2H). 4.29 (m, 2H). 4.09 (m, IH, 18-H). 3.85 
(t, 2H), 3.69, 3.58, 3.55 and 3.17 (each s, 3H), 2.71 (m, IH), 2.40 (m, 5H), 
2.06 (m, 2H). 1.81 (d. 3H). 1.72 (d. 3H). 1.11 (t. 3H). -0.44 and -0.67 (each s.' 
IH, 2 X NH). 

[00129] Preparation of 2.deoxyglucose conjugate of Bacteriopurpurin-18- 
N-3'.(isothiocyanate)-propyliniide, BChlPP.2DG (10): D-Glucosamine 
hydrochloride (lOmg, 0.046 mmol) was added to a solution of sodium 
methoxide (2.5 mg, 0.046 mmol) in DMSO (2 mL). After stirring for 2 hrs, 
isothiocyanate containing bacteriopurpurinimide (16 mg, 0.023 nmiol) and 
diisopropylethylamine (30 nL) were added and allowed to react for 18 h to 
form the conjugate. After removing the solvent, the crude so obtained was 
purified by siUca gel plate chromatography with 20% MeOH in CH2CI2. The 
desired conjugate (10) was obtained in 15% yield (3 mg). UV-vis in DMSO 
X„u«: 365 nm (e: 8.4x 10*), 416 (7.5x10^, 550 (2.9x10*), 728 (2.5x10*) and 
821 (3.2x10*). Mass calcd for C44H53N7O9S: 896.3629(M+Na) found by 
HRMS; 896.3671 (M+Na)"". 
[00130] Bacteriochlorin e6-13-carboxy-N.3'-(BOC-aiiiino)propylamide, 
BChIE6-BOC (12): Bacteriopheophorijide a methyl ester, 11 (625 mg, 1 
mmol) was dissolved in chloroform (50 mL) and te/t-butyl N-(-3- 
aminopropyD-carbamate (380 mg. 2.18 mmol) was dissolved in 15 mL 
benzene. The mixture was refluxed at 78«>C under argon atmosphere for 48h. 
After removing solvent, the crude residue was purified by silica gel column 
chromatography with 5% acetone in dichloiomethane. The desired product 
was obtained in 70% yield (561 mg), UV-vis in CH2CI2 X^^: 358 nm (e: 2.23 
X 10*). 520 (0.5 X 10*), 754 (1.98 x 10*) , Emission (CH2CI2): 758mn, 
Mass. calcd for CasHsoNgOe 798.43 found by ESI-MS; 799.43 (M+1)* ^H 
NMR (CDCI3, S ppm) 9.33. 8.71 and 8.58 (each, s, IH. for 5. 10, 20-H), 6.96 
(s. IH, ), 4.33 (m, 2H), 4.05(m, 2H). 3.87 (s, 3H), 3.63 (s. 3H). 3.50 (s, 3H). 
3.46 (s. 3H). 3.17 (s. 3H), 2.54 (m. 2H), 2.25-2.09(m. 4H). 1.82 (d. 3H), 1.79 
(d, 3H).1.14 (t. 3H), 0.49 and 0.10 (each, s, 2 x NH).), "C NMR (CDCI3) 
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198.83. 173.71. 169.62. 168.34. 169.77. 169.75. 163.86. 158.12. 148.29. 
139.27. 138.51, 137.03. 136.51. 133.46. 128.83. 121.54. 108.20. 99.83. 97.86, 
96.00. 64.55, 55.14, 53.01. 51.89. 50.79. 49.90. 49.06, 33.53. 31.14. 30.37. 
30.12. 29.49. 29.45. 28.54. 23.85, 23.38. 13.92, 12.01. 11.01. 
[00131] Bacteriochlorin «6-13-carboxy-N.3'.(ainino)propylaiiiide (BCI1IE6. 

13) and Bacterioclilorin e6-13-carboxy.N-3'- 
(isotIiiocyanate)propyIamide(BCiiIE6-NCS,14):BChlE6-BOC (400 mg, 
0.5 mmol) was dissolved in 6 mL TFA. The mixture was stirred at room 
temperature under argon atmosphere. One hour later, TFA was removed by 
vacuum. The crude residue was diluted with 40 mL CH2CI2, washed once with 
30 mL NaHCOa and twice with 30 mL water after which the organic layer was 
dried over anhydrous Na2S04. After removing solvent. BChlE6-NH2 was 
obtained (300 mg, 0.43 mmol) at an 86% yield. UV-vis in CH2CI2 X„«,: 358 
mn (8: 2.23 x 10^). 520 (0.5 x 10^ 752 (1.98 x 10^ Emission X_ (CH2CI2): 
770nm, Mass. calculated for C39H50N6O6 698.38 found by ESI-MS; 698.26. 
[00132] BChlE6-NH2 was then used directly for the next reaction step without 
further purification. BChl-NHj (300 mg, 0.43 mmol) and 1.1'- 
tfiiocarbonyldiimidazole (71.3 mg) were dissolved in 20 mL CH2CI2. The 
reaction mixture was subsequently refluxed at 40°C under argon atmosphere 
for 3h, and the solvent was removed. The residue was purified by silica gel 
chromatography with 2% MeOH-CHiCl. and 95 mg of BChlE6-NCS was 
coUected (yield 75%). UV-vis in CH2CI2 X^: 358 mn (e: 2.23 x 10^). 520 
(0.5 X lO'^. 754 (1.98 x 10^. Emission (CH2CI2): 758mn. Mass. calcd for 
CagHsoNfiOe 798.43 found by ESI-MS; 799.43 (M+l)+ 'H NMR (CDCI3, 8 
ppm) 8.99. 8.50 and 8.43 (each, s, IH, for 10, 5 and 20-H), 6.10 (s. IH, ). 4.33 
(m. 2H). 4.05(m. 2H), 3.87 (s, 3H), 3.63 (s, 3H), 3.50 (s. 3H), 3.46 (s, 3H), 
3.17 (s. 3H). 2.54 (m. 2H), 2.25-2.09(m, 4H), 1.82 (d, 3H), 1.79 (d. 3H).1.14 
(t, 3H). -0.44 and -0.67 (each, s. 2 x NH).), NMR (CDCI3. 5 ppm) 198.83. 
173.71, 169.62. 168.34, 169.77, 169.75, 163.86, 158.12. 148.29. 139.27.' 
138.51. 137.03. 136.51. 133.46. 128.83. 121.54. 104.37. 98.51. 97.63. 96.78.' 
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57.48. 53.24, 52.45. 51.84, 48.23, 46.98, 43.21, 37.97, 37.88, 33.39, 31.23, 
30.22, 30.13, 29.50, 23.80, 23.34. 13.91, 12.01, 11.01. 
[00133] Preparation of 2.deoxyglucose coiyugate of bacteriochlorin e^- 
isothiocyanate, BChlE6.2DG (15): D-Glucosamine hydrochloride (23.5 mg, 
0.11 mmol) was added to a solution of sodium methoxide (5.9 mg, 0.11 mmol) 
in DMF (5 mL). After stirring for 2h, BChlE6.NCS (40 mg, 0.054 mmol) and 
N,N-diisopropylethylamine (71 |iL) were added and allowed to react for 18h to 
from the conjugate. After removing the solvent, the crude obtained was 
purified by silica gel plate chromatography with 20% MeOH in CHjClj. The 
desired conjugate was obtained in 60% yield (30 mg). Uv-vis in MeOH X^: 
358 mn (e: 2.23 x 10^ 520 (0.5 X 10*), 754 (1.98 x lO^^). Emission K., 
(MeOH): 768nm, Mass. calcd for C45H59N70nS+Na: 942.4047, found by high 
resolution MS: 942.4081 «5ppm). »H NMR (CDCI3, 8 ppm) 9.24, 8.74 and 
8.61 (each. s. IH, for 10. 5, 20-H). 5.34 (d, IH), 5.11 (d, IH). 4.31 (m, IH), 
4.26(m. IH). 4.17 (m, 2H), 4.03 (brs. 8H), 3.87 (m. 4H). 3.74 (m, 2H). 3.72 
(s, 3H), 3.58 (s, 3H) 3.57 (s, 3H). 3.34 (s, 3H), 3.18 (s. 3H), 2.58 (m, 2H), 
2.40-2.03(m, 8H), 1.82 (d. 3H), 1.79 (m, 2H). 1.59 (d, 3H),1.05 (t, 3H). -0.61 
and -0.67 (each s, IH, 2 x NH), "C NMR (CDCI3) 198.83 (3» C), 173.71 (17^ 
C). 169.62 (15^ C), 168.34 (13^ C), 169.77 (1 Q. 169.75 (13^ C), 163.86 (4 
C). 158.12 (14 C), 148.29 (16 C). 139.27 (11 C). 138.51 (6 C), 137.03 (9 C), 
136.51 (12 C), 133.46 (13 C). 128.83 (3 Q, 121.54 (2 C), 108.20 (15 C),' 
99.83 (5 C). 97.86 (10 C). 96.00 (20 C), 64.55 (13^ C), 55.14 (8 C), 53.01 (13* 
Q. 51.89 (17* C), 50.79 (17 C). 49.90 (18 C), 49.06 (7 C), 33.53 (3^ C), 31.14 
(17^ C). 30.37 (8» C), 30.12 (17^ C), 28.54 (13^ 13«.13'^ C, 3C) 23.85 (7' C) 
23.38 (18» C). 13.92 (2^ C), 12.01 (12^ C). 11.01 (8^ C). HPLC retention time: 
30.1 min (using O.IM TEAA and CH3CN as HPLC eluent. fromlO% CH3CN 
to 90% CH3CN for 45 min). 
[00134] In vivo NIR optical imaging system: To image and localize 
subsurface fluorochrome labeled tumors, an NIR imaging system utiUzing 
diffusion photons (Patteison, M. S.; Chance. B.; Wilson, B. C. Time resolved 
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reflectance and transniittance for the non-invasive measurement of tissue 
optical properties. Applied Optics 1989, 28. 2331-2336. 
[00135] Fishkin. J. B.; Gratton. E.. Propagation of photon-density waves in 
strongly scattering media containing an absorbing semi-infinite plane bounded 
by a straight edge. Jounuxl of the Optical Society of America A 1993 10 127 
140.) has been developed. The in vivo fluor^cence optical imaging system 
consists of a pair of laser diodes operating at 780 nm. The Ught intensities are 
modulated by 50 MHz sinusoidal radio frequency waves, but with a ISO^ 
phase difference between them. Detection sensitivity and localization accuracy 
are enhanced through phase cancellation techniques.( Chance. B.; Kang K • 
He, L.; Weng. J.; Sevick-Muraca. E. M.. Highly sensitive object location in 
tissue models with linear in-phase and anti-phase multi-element optical arrays 
m one and two dimensions. Proceedings of the National Academy of Sciences 
USA 1993, 90, 3423-3427. 

[00136] Chance. B.; Kang. K.; He. L.; liu. H.; Zhou. S.. Precision localization 
of hidden absorbers in body tissues with phased-array optical systems. Reviey, 
of Scientific Instruments 1996, 67, 4324-4332. 

[00137] Jntes, X.; Chen, Y.; O, X. D.; Chance. B., Detection limit enhancement 
of fluorescent heterogeneities in turbid media by dual-interfering excitation 
Applied Optics 2002, 41. (19). 3999^007.) The excitation photons ai« 
dehvered to the imaging chamber filled with highly scattering medium 
Ohtralipid® and ink) through fiber optics. The tumor-beaiing animal injected 
with BChlPP-2DG is immersed inside the imaging chamber, and the tumor is 
placed within 1.5 cm from the outside surface. A 3-mm-i„-diameter fiber 
bundle collects the fluorescence signal from the fluorophore taken by in tiie 
tumor. An interference filter at 830 mn is used to select the emitted fluorescent 
photons. Tire fluorescence signal is then detected by tiie photomultiplier tiibe 
(?MD and demodulated by the 50 MHz receiver to obtain tiie amplitude and 
phase information. The imaging probe consists of two source fibers with a 
separation of 2 cm and a detection fiber bundle witii equal distance (4 cm) 
from each source. The source and detector fibers can be scanned in tandem 
under the conti^l of a stepper motor. After finishing one axial scan, the probe 
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can be rotated to another angle to perform another axial scan. Multiple radial 
scans in different directions can be acquired for object localization.C Chen Y • 
Mu. C. P.; Intes. X.; Blessington. D.; Chance, B.. Near-infrared pLasi 
canceUation instrument for fast and accurate localization of fluorescent 
heterogeneity. Review of Scientific Instruments 2003, 74. (7), 3466-3473.) The 
optical imaging probe is placed on the surface of the imaging chamber and 
scanned through a 5-cm-in-diameter area for subsurface locaUzation of 
fluorescence enhanced tumor. Two-dimensional localization of the subsurface 
fluorochrome is obtained by fitting the experimental data to the analytical 
solutions and searching for the minimum of the probability function Chen. 
Y.; Zheng, G.; Zhang, Z. H.; Blessington. D.; Zhang. M.; Li. H.; liu. Q.;' 
Zhou. L.; Intes. X.; Achilefu, S.; Chance. B.. Metabolism-enhanced tmnor 
localization by fluorescence imaging: in vivo animal smdies. Optics Letters 
2003, 28, (21), 2070-2072). 

[00138] RESULTS AND DISCUSSION 

[00139] Ih order to effectively functionalize bacteriochlorophylls utilized to 
label biomolecules. the reactive functional groups that are added should not 
only be stable enough for prolonged storage abiUty but should also exhibit 
high labehng efficiencies with minimal side reactions; ultimately, tiiey must 
produce a stable covalent bond. Isotiiiocyanate has been widely used for 
coupUng with primaiy and secondary amines of biologicaUy important 
molecules;( Hanagan, J. H.; Khan. S. H.; Menchen. S.; Soper. S. A.; Hammer, 
R. P., FunctionaUzed tiicarbocyanine dyes as near-infrared fluorescent probes 
for biomolecules. Bioconjugate Chemistry 1997, 8, (5). 751-756.) thus, it 
became the labeling functionality of choice. Pandey et al. have shown ftat 
unstable bacteriochlorophyll a analogs containing a five-member isocyclic ring 
can be converted to the related bacteriochlorin bearing either a fused six- 
member anhydride or imide ring systems; these derivatives are refeired to as 
bacterioputpuiin-18 (BChlPP) and bacteriopuipuxinimide analogs. 
respectively.( Kozyrev. A. N.; Zheng. G.; Zhu. C. R; Dougherty. T. J.; Smith, 
K. M.; Pandey, R. K.. Syntheses of stable bacteriochlorophyU-a derivatives as' 
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potential photosensitizes for photodynamic therapy. Tetrahedron Utters 
1996, 37. (36), 6431-6434.) The latter is particularly interesting because it 
presents a unique opportunity to introduce the isothiocyanate labeUng 
ftmctionaUty at the fused imide ring for convenient conjugation to tumor- 
homing molecules. To develop an effective synthetic strategy, model studies 
were performed by using a less expensive substrate, purpurin-18 methyl ester. 
1 (Zheng. G.; Potter. W. R.; Camacho. S. H.; Missert, J. R.; Wang. G. S.;' 
Bellnier. D. A.; Henderson, B. W.; Rodgers. M. A. J.; Dougherty] T. 1- 
Pandey, R. K., Synthesis, photophysical properties, tumor uptake, and 
preliminary in vivo photosensitizing efficacy of a homologous series of 3-(l 
alkyloxy) ethyl-3-devinaylpuipurin-18-N- alkylimides with variable 
UpophiUcity. Journal of Medicinal Chemistry 2001, 44. (10), 1540-1559.). As 
shown in Scheme 1. reaction of 1 with /ert-butyl N-(3-aminopropyl). 
carbamate at reflux temperature gave the corresponding BOC-prx,tected amino 
containing purpurinimide (PP-BOC, 2) in high yield. Upon TFA cleavage of 
the BOC protecting group, purpurin-18-N-3'-(amino)propylimide, 3, was 
obtained. The amino functionality in 3 was further converted to the desired 
isothiocyanate labeling moiety in compound 4 by reacting with 1,1'- 
thiocarbonyldiimidazole. The overall yield of this tiiree-step process was about 
50%. To test the utility of this functionalized model compound, a 2- 
deoxyglucose moiety was selected as the tumor-homing molecule via the 
glucose transporter (GLUT) patiiway.( Zhang, M.; Zhang. Z. H.; Blessmgton, 
D.; Li. H.; Busch, T. M.; Madrak. V.; MUes, J.; Chance. B.; GUckson. J. D.; 
Zheng. G.. Pyropheophorbide 2-deoxyglucosamide: A new photosensitizer 
targeting glucose tiransporters. Bioconjugate Chemistry 2003, 14, (4). 709- 
714.) Thus, following a procedure we reported earUer, (Zhang, M.; Zh^ig, Z. 
H.; Blessington. D.; Li, H.; Busch. T. M.; Madrak, V.; Miles, J.; Chance, B.; 
Glickson, J. D.; Zheng. G.. Pyropheophorbide 2-deoxyglucosamide: A new 
photosensitizer targeting glucose ti:ansporters. Bioconjugate Chemistry 2003, 
14. (4). 709-714) isothiocyanate containing purpurin-18 was reacted witii D- 
glucosamine to yield the desired conjugate 5 in 50% yield. 
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Scheme 1. Synthesis of an isothiocyanate-containing piapurin-18 and its conversion to 
Its corresponding 2-deoxyglucose conjugate. Reaction conditions: a) tert-Bvtyl N-(3- 
aminopropyO-carbamate. benzene, reflux 48 h; b) TFA; c) H'-thiocarbonyl- 
dmmdazole, CH2C12, reflux 3 h; d) D-glucosamine, DIPEA, DMSO. 

[00140] After model reactions, bacteriopuipuriii-18-N-3'-(anuno)propyIiimde 
(BChlPP-NH2, 8) was synthesized from bacteriopuq)urin-18-N-3'-(BOC- 
amino)propyUraide (BChlPP-BOC, 7) and converted successfully to 
bacteriopurpurin-18-N-3'-(isothiocyanate)propylimide (BChlPP-NCS, 9) as 
shown in Scheme 1. However, compared to model reactions, the overall yield 
of BChlPP-NCS from BChlPP dropped from 50% to 10% with BChlPP-BOC 
formation as the yield-limiting step. The conversion of BChlPP to its 
corresponding BChlPP-BOC, BChlPP-NHj and BChlPP-NCS was clearly 
demonstrated by their NMR spectra. As shown in Figure 11, the 5.62 and the 
3.31 ppm peaks observed in the BChlPP-BOC spectrum (shown partiaUy) 
belonged to the N-H proton and the CH2N protons adjacent to the BOC 
protection group, respectively. Cleavage of the BOC group led to the 
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disappearance of the N-H peak and the upfield shift of the CI£jN resonance to 
2.95 ppm. Further conversion of BChlPP-NHz to BChlPP-NCS shifts the 
above mentioned CHz resonance downfield to 3.85 ppm. 




S!?Q?o^ ^y"*®^'^ o<^«o*»ocyanate-containing bacteriopurpurinimide. BChlPP- 
JNUi> (!») and the corresponding 2-deoxyglucose conjugate. BChlPP-2DG (10) 
Reaction conditions are the same as the model reaction shown in Scheme 1 



[00141] Next, a 2-deoxyglucose moiety was conjugated to BChlPP via the 
isothiocyanate coupling strategy to form the desired BChlPP-2DG, 10. Again, 
the coupling yield dropped significantly from 50% to 15% compared to the 
model reaction. These low yield steps are presumably caused by undesirable 
byproduct formation (e.g. the formation of 12-hydroxymethyl derivative of 
BChlPP-2DG) under basic conditions. Due to the limited amount of the final 
conjugate, a satisfactory NMR spectrum for compound 10 was not obtained. 
Nevertheless, the structure and the purity of BChlPP-2DG were confirmed by 
high resolution mass spectrometry and reverse phase HPLC (Figure 12a), 



wo 2004/110255 



-47- 



PCT/US2004/018143 



CF.g»« I2b). a p^li^nary study was performed «, evaluate age„. ,„ v,Vo 
m ^ Modeb; i. p^ved to ahow grea. pronuse aa a mmor-targefag MR 
op^cal contraa. agen, (deWb daac^ed i„ a laeer .ec«o„). However, due ,0 U>e 
low >.eld, i. ia not practical to u„de«ate ays.ematic evaluation of fl^ new 
conjugate. 

[00142] To improve the feasibility of using BChl-based bioconjugates for 
cancer detection and treatment, we exploted a„oa,er synti,e.ic strategy to 
funcuonaiize BChl. Bactedopheophod^ide a methyl ester 1, was first teacted 
w,.^ ^«^uty, N.(-3-aminopropyI>carban>ate to fotn, a single regioisomer. 
b^ enochlorin «.-13-carboxy.N.3'-(BOC-ann„o)pr„py,annde. BChIE6-BOC 
(12). This intennediate was th«. converted to its conesponding amino- and 
.sothtocyanateK^ontaining BChl (BChlE6-NIfc 13 and BChlB6-NCS 14) 
fonowing the strategy descd^^ ^ ^^^^ ^ 

l»ocedura (10% overaU yield from BChlPP to BCMre-NCS, see Scheme 2) 
to new syntotic touto 60m bactedopheophotttde a me%l ester to BCUE6.' 
NCS shown in Scheme 3 has the overall yield of 45%. Considedng that 
bactenopheophorWde a methyl ester is the precursor of BChlPP. the actual 
yeld imj^ved is five- to ten-folds. Fu,«,e™o.e, the yield of «.e final 
co^ugaaon step to produce bacteriochloria 2.deoxyglncosamide (BChlE6- 
ZDG, IS) also increased ftom 15% to 60% compared to d,at of BChlEP.2DO 
■no stnK^ture of BChlE«-2DO was confinned by »C NMR end high 
resolution mass spectrometry. The purity of BChlE6-2DG was 99% by RP 
Iffm Hgute 13 shows d.e HH^ chromatogram and fl,e ab«,rption spectra 
01 the final conjugate. 
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Scheme 3. Synthesis of BChlPP-NCS and its 2-deoxyglucose conjugate, BChJPP-2DG. 
[00143] In Vivo Tumor Detection by Optical Imaging. One of the 2- 
deoxyglucose conjugates of bacteriochlorophyU (BCailPP-2DG) was imaged in 
vivo on an animal model of human cancer. As shown in Figure 14, the 
experiment was setup to have the animal submerged up to the neck in the 
IhtraHpid® medium that simulates the scattering fatty tissues surrounding the 
tumor. The imaged animals are athymic nu/nu mice with implanted AR42J 
tumors (pancreatic acinar carcinoma) on the right thigh and injected with 
BChlPP-2DG after 12 hours of fasting. The imaging was performed on the 
anesthesized mice 3.5 hours after the injection of the contrast agent. Usually 
200 iaL of the contrast agents. The amount of injected contrast agents is 
usuaUy 200 pL at a concentration of 1 mg/mL. The scattering media has 
similar optical properties as human breast tissue for studies of breast cancer 
models, and is maintained at physiological temperature (~ Sy^C). The tumor 
cells are hyper-metabolic compared with normal ceUs; consequently, they take 
up more glucose contrast agents into the tumor cells than nearby normal 
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tissues. The mouse is kept alive throughout the experiment. The optical 
imaging probe is placed on the surface of the imaging chamber and scanned 
through a 5-cm-in.diameter area for subsurface localization of fluorescence 
enhanced tumor. Figure 15a is the image obtained from BChl-2DG treated 
animals. The tumor region is enhanced. The localization of the tumor at a 
depth of 1.5 cm under the surface is accurately resolved, with a location enor 
of 3.0 ± 0.6 mm. For comparison, Figure 15b shows the image of the mouse 
tumor following tail-vein injection of ICG. There is no significant 
enhancement in the tumor region, suggesting that the ICG could not provide 
high contrast between tumor and the normal tissue after 3.5 hours. This result 
is in agreement with the non-tumor-specificity of ICG and the depletion of 
ICG from the circulation system rapidly by the liver.( Achilefu. S.; Borrow, 
R. B.; Bugaj. J. E.; Rajagopalan. R.. Novel receptor-targeted fluorescent 
contrast agents for in vivo tumor imaging. Investigative Radiology 2000, 35, 
479-485). Figure 15c illustrates a negative control animal without the 
injection of the contrast agents; under these conditions the fluorescence phased 
array system does not detect the signals from the tumor. 

[00144] CONCLUSION 

[00145] The synthesis of two novel fimctionalized bacteriochlorophylls dyes is 
described. These new NIR dyes containing isothiocyanate functional groups 
are reactive toward primary amines; thus, they can be conjugated to 
biologically important compounds such as tumor-specific homing molecules. 
Compared with functionalized dyes derived from bacteriopuipurimides, dyes 
based on the bacteriochlorin moiety are produced in much better yield (5- to 
10-foId). though the former has longer wavelength absorption and fluorescence 
emission (ex: 819mn; em: 826mn) than the latter (ex: 752mn; em: 766mn). 
Both of these functionalized bacteriochlorophylls showed successful 
conjugation to the glucose transporter-homing 2Kleoxyglucose moiety. 
BChlPP.2DG was further tested in vivo in animal tumors using a phase array 
NIR optical imaging system and showed promise as a the tmnor-targeting 
agent for the detection and treatment of subsurface cancers. 



